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CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND War OrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 33, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
d Anxil Machinery as supplied to the 
pn air Admiralty. -™ 2179 


J ohn H, W ilson& Co.,Ltd. 


Birkenhead. 


See Illustrated Advertisement 
Page 11, Aug. 15. 











LocomotivesShunting Canes 
Sjteam and Hiectric 


ranes, 


BXCAVATORS, CRANE-NAVVIBS, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 





6770 


Lists OF STanpaRD Sizes on APPLICATION. 





London Office 
‘15, VICTORIA STREBT, S.W- 1. 


(tas and Oil Engine Repairs. 


—E. J. ere & CO., Great Hastern Road, 
Stratford, EB. 


Tel. 736 and 737 Stratford. 
Gram.: Rapidising, London. 


Petter Qi! Preines. 


Manufactured by 3591 
PETTERS Luwirep, Engineers, Yeovil. 


(aig & Donald, Ltd., Machine 


vation JOHNSTONE, wear Glasgow. 


For class of Machine Tools see our. et 
Advertisement every alternate week. 


Ky lectric Lite 


(UP TO 35 % TONS.) 
8. H. HEYWOOD & Co., LTD., 

















Steam Hammers (with or 
without guid Hand- 
TOOLS for SHEPBUTLD ERS ePotLaRMA Ms 


DAVIS & PRIMROSE, Lugiren, LEITH econ 


Brett's Patent Litter Co. 


LimIrTep. 
[Hammers 


, Presses, Furnaces, 
Bever, Dorling _ & & Co., Ltd., 


COVENTRY. 
BR 
HIGH-CLASS BNGINES. for 





ALL PURPOSES. 


also WINDING, HAULING, AIR etme 


and ___aud PUMPING BNGINES. 


(vanes. —Electric, “Taal 
BYDRAULIC and HAND, 

GRORGE RUSSS ree e. 
Motherwell, near 








oe 


ELL & CO, »Lrp., 
Glasgow. 7264 





(Sampbelis & Her, L 4 


SPHOCIALISTS IN 
Drillers & Boring Machinery 


for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


°¥ achts, Launches or Barges 


Built complete with - Oil or Petrol 
Motors ; or Machinery supplied Od 355 
VOSPER & CO., Lap., Broap cues. PORTSMOUTH. 


MULTITUBULAR AND 
(Cochran CROSS-TUBE TYPES. 
See page 17, Aug. 29. 


Boilers. 
1263 
FB lectric id stone 
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8. H. HEYWOOD. & ©O., LTD., 
REDDISH. 
FOR ; 
rop forgings 


" 





GARTSHERRIB : ENGINEERING & FORGE 00., 
50, Wellington 8 Glasgow. 

ank Vatomoti vee 

Speiertins and by! power mend equal to 


Line Locomotiv: 


R. & W. HAWTHORN. LHSLIE 4 & CO., Lrp., 
Byainerns, NEWCASTLE-ON-TYNE. 7260 


AUTOMATIC ANALYSIS OF FLUE GASES 


ays CO, Recorders, 


Draught Gauges, Gas Analysers, Gas Collect 
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IBLE, NON-RUSTING 
Metallic ose - ( \overing 
. to oe & spane he camiiten tu = 
Govt. se my yy poe rg N. — 





R. Heber, Radford, Son « Squire, 


ENGINEERING, IRON anp STEEL WORKS 





Valuers. 
CONSULTING wince REFEREES, AND 
ARBITRATORS. 
Established over 50 7108 
15, St. JAMES ROW, 8 ‘EFFIRLD. 
Telegrams: “ Radford, Sheffield.” Telephone: 
ocomotive [['raversers 
(BLEOTRIC). outs 


8. H. HEYWOOD & OO., LTD., 
- REDDISH. 





Tested out on the psi Seas in Naval Ships. 


L. ©; HA HAR VEY, 
25, Victoria Street, Westminster, London, 8.W. 1. 
Telephone— 





Posteson “Phone, London. 4280 Victoria. 
Hyzcavators. 


FROM 50 TO 600 YARDS PER HOUR. 


Whitaker, 


1, Union STREET, 
LEICESTER, 


ABRIAL ROPEWAYS, CABLEWAYS, CRANES. 
Steel (\asti ngs. 
om, displayed advertisement every alternate week. 
ORN . HENDBRSON & OU., ABERDEEN. 
“ Cepencer- H opwood” Patent 


Sole Makers . Boilers. 
w. ees 2 0o., puems: —, 


Hy Wels Ot Oo. 
ll, HAYMARKET, 


London, 8.W. 1. 


. Apt! “3 Lpbricants. 


Works: SALFORD, Manonesren. 


6263 


7379 
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GOLD MEDAL-Invewrions Bxurmrrion-AwaRDED. 


uckham’s Patent Sus uspended 
WEIGHING MACHINES.— 

ROAD ENGIN RING WORKS COMPANY, Lrp, 

Lonpox, B,—Hydraulic Cranes, Grain Eleva tors, &c 
8c Hse. Advt. last week, page 15, 7046 


S%. 8 Hyare Pan matte ASH Ejector. 
peep ve a labour. No noise. No dust. No 
Ly tet 20ft. clear of vessel._-Apply, 
P. ’. TREWENT & PROCTOR, Lrp., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs. -» Billiter 8t., 
London, B.C. Od 4838 
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rinceps & Co., 


FFIELD, 
\f easurin 
M g 


M 2chines 


FROM 


Stock. 


THE 





(Proprietors, Peter 2° age 
Loxpoy, B: 


Rubber 


Packings 


Ltd.), 
___ at 


MANUFACTURERS 


. Redstone ” 
“ Bluestone” 


GUTTA PERCHA & RUBBER, LIMITED, 





[['ubes and t aarac al 
The Scottish ‘Tube Co., Lid. 


Heap OFFicE: 34, Robertson Street, Glasgow. 











elope s—‘ Cylinders,” Birm: ’ 
el dless- Steel Tu bes 
Shafting, H Hse Work, ee YA 
ee 8179 


Toronto Canada. 7535 
Iron and Steel OHANTIBRS & ATHLIERS 
ugustin - \Jormand 


67, rue de Perrey—LE HAVRE 
(Prane ce). 


Destroyers, Boats, } Yachts and Fast pate 
xf poomee Be Submersible Boats. 


— | TAYLOR&CHALLEN, Lp., Engi 


Newall Rap (o. by 





-) ohn Bellamy imited, 
MILLWALL, LONDON, B. 
GENERAL ConsTRUCTIONAL BweineERs, 1216 


Boilers, Tanks & Mooring Buoys 


STIL1s. PETROL TaNnxs 
Curmnerrs, RIveTrTEp 4 and aa Mya 
PipEs, Hop prs, Spxoran Work, Reparms oF 





RAILWAY AND TRAMWAY KO 


H™ Nelson & Ce. Lt 


268 Tur Guiaseow Rotime Stock anp Pu ee 


MoTHERWELL. 


H™4 W nightson & Co 


See Advertisement page 9), Aug. 29. 2402 


Matthew pH & Co: L* 
Worxs, Dumbarton. 71689 
Page Advt., page 82, Aug. 22. 


T\aylor & (thallen — 


Presses. 








ee 





8196 


B aM 





See Full Page Advertisement, Aug. 22. * 


Steel (\sstings. 


THOMAS SUMMERSON & SONS, Lrp., 








DARLINGTON. 6974 

Hiectric [[ansporters. 

8. H. BET ILOOD £00. 1 LTD., 7182 
Aluminium 
riving 

Pulleys 
Lexsthen 
ife of 


Bee 


HE BRITISH ALUMINIUM 0OO., 
109, Queen Victoria St., London, BH. é. 


rpihe Ye sar Railway 
Bagoraing, Comins 


Lap. 
London Gate onthe Victoria aioewt 8 Ww. 
MANUFACTURERS 
RAILWAY CARKIAGE, WAGON. & TRAMWAY 
WHEBLS & AXLES. 
CARRIAGE & WAGON IRONWORKS, also 
AST-STEEL AXLE BOXES. 7312 


B. é ie 


See Pulleys Leaflet 
Pio op 














See Advertisement page 97. 


Sui 
NORMAND’S Patent Water-tube Boilers, Voal or O11 
Heating. Diesel Oi! Engines. 


team ammers, 
Powe ammers, 
rop tamps 
7226 
gvick Bd aws. 
DELIVERY. LARGE STOCK. 



































the Royal Technical ( Colles, 


SESSION 1 1918-19. 
BEGINS ON SEPTEMBER 2TH. 


‘The DIPLOMA of the the COLLEGE is gpentet in 
the fo ee fer Kngineering, 
a 


ng, eering, 
aw ge val Architecture Ohemafet etallurgy, 
Build ing, Textile Manufacture, D: 





MANCHESTER MUNICIPAL 


(Colles ge of Technology 
(UNIVERSITY OF MANCHESTER). 


Principal: J. C. M. GARNETT, C.B.E., M.A. (late 
Fell. Trinity Coll., Cam.) 


The Session 1919-1920 will open on &th October. 
Matriculation and Entrance Examinations will be 
held in July and September. 


DEGREE COURSES IN TBCHNOLOGY. 
The Prospectus gives particulars of the courses 

oes 4 ~ anchester University de, 
B.8¢ nd M.Sc. me) ts the culty of 


“ais in th the followin 
AN gS ENGI Ebina (Pe (Prof. G. G. 


OTRIGAL Bw 
BLECTH GAL BNGINBERING (Prof. Miles 


Walker, D 
SANITARY and nd Munictpal BN ENGINEERING, 
IBS (Prof. FP. 


THE CHEMICAL IND 
yman, D: ‘Se. ), including ¢ General Chemica 
Technology, Bleaching, Dyeing and Dye- 
stuff Manufacture, Printi ng, Papermaking, 
ees Industries, Metallurgy, 


uels, 
TRXTMLE INDUSTRIES (Prof. A. J. Turner, 


PHOTOGRAPHIC TECHNOLOGY. 

ARCHITECTURE. 

PRINTING. 

MINING, 

ADVANCED STUDY AND RESEARCH, 

The College possesses extensive laboratories and 

workshops, equipped with full-sized modern 
apparatus, including machines special! nie anette 
for demonstration and original resea 


PROSPECTUSES of Universit: Seana or of 
Part-time aoneate sent free on application. A 115 


rhe University of Sheffield. 


8 BSSION 1 1919-20, 


Vice-CnanceLLon—SIR HENRY HADOW, 
A., D.Mus., F.B.S.L. 


DEPARTMENT OF APPLIED SOIEBNOE, 


COMPRISING 
FACULTIES or ENGINEERING anp 
METALLURGY 


Head of yy ‘a rtment— Prof. bh RiIppER, 
Eng., D.Sc., 


PROFESSORS IN THE DEPARTMENT. 
Mespoeie Pewenine— —W, Ripper, C.H., D.Eng., 





etehurgy J. 0. ARNOLD, D.Met., F.R.S. 
Minin K. AnmsTrone, M.Sc., A. M.Inst.C.B. 
Applied Ohemistry—L. T. O’siea, M.So. 
athomatics—A. H. Leany, MA. 
Physics—S. R. Mruyer, D.Sc. 
Ohemistry—W. P. Wynne, D.Sc. 
Geology—W. G. FEARNSIDES, M.A. 
neering—B. H. Crapper, B.Eng., 
turer). 


Blectrical En 
ane e 5 


F.RS. 


M.1.B.H. ( 
Civil HusBAnD, 
B. En §-. 55 See, Sm. (Lecturer). 
Glass Tec! ~ tha K. 8. Turver, D.Sc., 0.B.B. 
urer 


F.R.C.S8c.1., 


The subjects In which courses of study are 
vided include Engineering, ers 2 
— ing. Applet Chemistry, dathematics sion 
Pars Geology, lass Technulogy and 
racto’ 


The DEPARTMENT OF ENGINEERING in- 
cludes courses in Civil, Mechanical, Electrical and 
Chemical Engineering, and students s lise 
one or other of these branches in the third year 
of their course, The course in Engineering extends 
over three years and wogness for the degree of 
Bachelor of Engineering (B.Eng.) or for the 
Assoctateship of the Universtiy r En aoeeeine, 
Special three years’ courses are arranged for Works’ 
pupils, who come to the University f.om the works 

Sheffield, or from other centres, taking six 
months’ study at the papa and six months’ 
practice at the works ri 

The DEPARTMENT 0 OF METALLURGY includes 
+) the Metallurgy of Iron and Steel, and (}) the 

etallu of the Non-ferrous Metals, The course 
in Metallurgy extends over three years, and pre- 

“~~ for the degree of Bachelor of Metallurgy 

a ), or for the Associateship of the University 
etallurgy. The equipment of this department 
en an exceptionally complete and practical scale. 

The work of the DEPARTMENT OF COAL 
MINING includes a three or four years’ Degs e or 
Diploma a consisting of six month. the 

Upiversity and six months ata eet 

he DEP ARTMENT OF APPLIED CHEMISTRY 
provides ~—? and Diploma Courses and deals 
~ ye with Fuel, including the subjects relating 
the various branches of the Coal and Coke 
Industries, 

The stg Fy eine OF GLASS TECHNOLOGY 
prunes (a) De = Diploma eee xoquesing 

tematic 'y of the sci 


and Sugar 

The Diploma Courses extend over either three or 
four , and the fee per session is £15 15s. 

The College .. a to the University of 

pn of the University in 

Chemistry are open to ite 


Prospectuses (free) will be sent on eenete. x. 


the Di 
OY “OF BRADFORD EDUCATION 
COMMITTEE. 


Bdiord Technical College. 


Department of MBCHANICAL & OIVIL 
ENGINEERING. 
Department of BLECTRICAL mega ra 
Diploma and Part-time Courses are offered in 
above and in Motor — ng and in Power 
Production and Transmiss 
In — of large omay.. early application is 
e 


— COMMENCES SEPTEMBER 22nd. 
Pros; uses of above and of Coursesin TEXTILE 
INDU. TRIES, DYSING, CHEMISTRY, and 
wow iba en SCIBNOR, may be obtained on 


ap) 
lo Courses Registration — September 15, 


16, 17. 
BY ORDER. 
LONDON COUNTY COUNCIL. 
Evenin 


D* and 
ENGINEERING 


(CIVIL, ELECTRICAL, MECHANICAL ‘AND 
MARINE) 


are held at the undermentioned institutions main- 
tained by the London County Council :— 


Hacunry Iwnsrirure, Dalston Lane, 
(Mechanical and Electrical). 


Papprneron TecunicaL InsTiruTe, Saltram 
Crescent, W. 9 (Mechanical and Electrical). 


SCHOOL OF ENGINEERING AND Navicarroy, High 
Street, _ BE. 144 (All except Civil 
Engineerin; ‘i 


Sr TECHNICAL InsTiruTs, Vincent 
eam 2 8.W. 1 (Civil Engineering in the 
evening). 


In most cases persons under 2! qualified for 
admission to the schools or institutes and bona fide 
engaged in the Trade are admitted free. 


Fall F ewe ww eye may be obtained on application 
to the Secretaries of the respective institutions. 
JAMES BIRD, A 158 
Clerk of the Londou County Council. 


~ UNIVERSITY OF LONDON, 


oldsmiths’ College, 


NEW CROSS, 8.E. 


The NEW SKSSION commences MONDAY, 22nd 
SEPTEMBER, 1919. 
Enrolment commences 1ith SEPTEMBER. 
Special terms to Course Students enrolling before 
20th SEPTEMBER. 


ae VEPARTMENT. 
Heap oF DEPARTMENT :— 
G. T. WHITER, B.Se.(Hons.) in Engineering (Lond.). 


COMPLETE COURSES are provided in Mechani- 
cal, Electrical, and Constructional Engineering, 
Building and Architecture ; also ~s = aration for the 
examinations for London Universit gree of B.Sc. 
in Engineering, Institution of Civil MKngineers, 
City and Guilds of London Institute, &c. Also 
instruction in Practical Fitting and ‘Machining, 
Tool and Gauge Making, Pattern Making, Gas 
SrpPly. Metal Plate Vork, Land Surveying, 
Plembing, Drawing Office Practice, Tracing, and 
Workshop Processes. ‘The Course Certificate of the 
College “4 granted after ae a of 
certain courses, and the Diploma for Higher Courses. 
Time Tables and all particulars may be obtained 

at the College Office, or upon a ‘i a to— 
THE ACTING WA A ll6 

Goldsmiths’ College, 

New Cross, 8.5. 14. 
UNIVERSITY OF LONDON, 


° ; 1 
| ing’s College.—Faculty of 
ENGINEERING. 

Complete COURSES of andl — a", over 
either three or four years, are ee VIL, 
MECHANICAL and ELECTRI AL ENGI. 
NEERING for the Engineering es of the 
University of London and for the Diploma and 

Certificate of the College. 

The four years’ course provides, in addition to the 
academic training, opportunity for practical 
training ef Bohs R 

ADS OF DEPARTMENTS. 

jie D S. Capper, M.A.,)| Mechanical 

M.Inst.C.B., M.1.M.B, Engineering. 
Professor A. H. Janson, "M.Se., a. 

a Inst.0.B. . ~~ 

r KB. WIisox, "M.Inst.c. B, pileetrcal 

ML. I, B. B., Dean Bngineering. 

Sar wed 8. A.-F. Wuirr, M.A. :.. 


a and t) 
Bn: neering and applied 
students. 


A20 





Classes in 


E. 8 








lass Manufacture for a — of Soar years, and 
(0) time and cad eee eos 

DEPARTMENT OF "RBFRACTORIES pro- 
vides special courses of instruction, and oppor- 
tunities for r in with 
the application of refractory materials to industrial 


The LECTURE COURSES of all Departments are 

oan iemented by Practical Training in Laboratories, 
a) cnet and Foundries —_ equipped for the 
—— scientific teaching, investi- 


d for Student 


— ~~ take special portions ‘of any of the ah 
‘the “LECTURE COURSES commence ist 

A _— 1919. 
he TECHNICAL LABORATORY COURSES 
yin 22nd September, X 580 


Ww. M. GrBROns, Registrar, 








J. W. a M.A., > Mathematics. 
D.S8c., F.B.S. 


Professor A. W. CrossLey, “D.Se., 
F.RS... 


=} Chemistry. 
Professor A. J. “ALLMAND, D.Se. . 
oe Se RICHARDSON, D.Se., Physics. 
. WwW, &. Gornon, D. ‘Se., F.R.S.B. Geology. 
yg Be Rh add litions have been made to the 
neering D T include two large 
a rooms for the Mechanical 
and Engineering Departments and lecture 
theatre and rooms ore research, including Wireless 
Tel for the pn ot eens Os Depart- 


men are six la) well equipped 
Ses ee Sepnetes for the pur- 


PNext TERM BD BEGINS on WEDNESDAY, ist 





dra’ 





full information a: be the portage x 
King’ College, Strand, W.C. 2. 








UNIVERSITY OF MANCHESTER. 
DEPARTMENT OF ELECTRICAL ENGINEERING. 


Dep artments of Civil, 
ee. 
cnonpinien tet of these courses be forwarded 


to the registrar. 
The! Session commences on the 8th October. X 912 


Re E. Correspondence 
. ee. 15 years snatinnees suecess. 
** Engi eet ae al Specns. and 


ret Mineo Se badinzanine. 
orrespondence Tuition.— 
B.8c., ue. CR. eee also Gage 
Subjects by Honours B.8c., A.M.I.C.H., ete. 
Address, 7879, Offices of AF a 


[2 C.E., I. Mech. E., B.Sc., 
and all BE eering Le ag rg Te G. P. 
ae a B. Assoc. M. Inst. O.H., F.8.1., 
aoe. PREPARES CANDIDATES personally 
by correspondence. Hundreds of cecounen. 
Dourkee may commence at any time.—39, Victoria 
St., Westminster, 8.W 1882 


M.LC.E. and A.M.I.M.E. 


A. Tuition, Alse Postal Courses in Mechanical 
Aircraft Design and — 
OM. S64, Ontond Road, Manchester, 




















THENDEBS. 
COUNTY BOROUGH OF SALFORD. 
GAS DEPARTMENT. 
‘The Gas Committee invite 


[Tenders for the Purchase and 


REMOVAL of BRICKMAKING MACHIN- 
ERY at their West Egerton Street Yard, Lope ford.— 
Full particulars and form of tender may be obtained 
on application to a GAS ENGINEER, Gas Offices, 


Bleom Street, 
L. ©. EVANS, 
Town Clerk. 
A 234 








POPLAR & STEPNEY SICK ASYLUM DISTRICT. 
NEW COLD-WATER MAIN. 
The Managers of the above-named District are 


prepared to receive 
nders for Proposed New 


COLD-WATER MAIN, with extensions and 
connections at the District Sick Asylum, Devons 
Road, Bow, B., in accordance with specification. 

A Go of the Specification, Form of Tender, and 
Conditions of Contract may be obtained at my Office, 
and Tenders, sealed and endorsed ‘‘ Tender for Water 
Main,” addressed to me at the Sick Asylum, Devons 
Road, Bow, H., must be delivered not later than 
4 p.m., — Turspay, the 23np SEPTEMBER, 1919. 

The Managers do not bind themselves to accept 
the towest or any Tender. 


SYDN mG. G. WRIGHT, 


“SALVAGE VESSELS FOR SALE. 


he Admiralty has For Sale 


the undermentioned SALVAGE VESSELS . 
“H.M.S. WRANGLER” lying se ee 
45 ft. 
Beam 23 ft. 6 in. 
Displacement 


tons 


a x. 
Speed about 8 knots. 
nes: One set of sighs 
expansion vertical 
, 350 HP., suriace 
condensing. 
Boiler: One return tube 
cylindrical marine 


boiler. 
“H.M.S. es at Malta. 
Length 207} ft. 


Beam 26.2 ft. 
Draught 13} ft. 
a 4 as. 
Engines: Com 
BE in y'28 in 1 


in. b 
*. 25. IHP 


= two 
and 


46 NH 

The vessels are full with suitable plant 
for undertaking salvage: ee a : 

Tender forms with ission to t may be 

obtained from the DIRECTOR oF. ry NTRACTS, 

prapek 8, Room 79, West Block, Admiralty, London, 


Tenders will be ne up to twelve o’clock noon 
on 22nd September, 1 for “ ae GLER,” and 
6th October, 1919, for rc ‘BILBROUG H.” Ag 


0. Bie». 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD, 


® rT 
Fo Sale, by Public Tender, 
ENGINEER'S CONTRACTORS’ PLANT, 
consisting of the followin 
One Crossley a Ene’ 3 15/20 B.HP., 
stroke by 9 in. d No. 32899. 
One 5 HP. Protected 1 Shunt Wound Motor, 
2000 r.p.m., 230 v.d.c., with flexible coupling. 
One by Acid. Still in three,sections, approx. 
t. by 6 in. diam, by 9 ft. 6 in. deep. 
Two. Nite Acid Still = aga 6 ft. 6 in. diam. ; 
One ditto Upper Sect 
Two Egg-ended Tanks, tar ft. long by 
3 ft. 6 in. diam. 
Four 0.1. Acid Eggs. 
Six — Skips and Bogies, 2 ft. gaug , average 





15 in. 


ft. and 


cubic yard. 

One Homes Patent Grab, 44 eubic ft,, 5 ft. broad, 
with Chain and Gearing complete. Circular 
Pitch Pine Vats, 5 ft. ‘=. by 4ft. 9}in. Above 
lying at H.M. Factory, © — inburgh 

Loo 


Locomotive, 4 ft. in. gauge, by Manning, 
Wardle & Co., Saddle Tank 125 Ib. per sq. in., stroke 
18 in. by 12 in. diam., approx. ne me empt = tons. 
Ref. M.K. 996. Lying at Royal Arsenal, wicl.. 

Oil Locomotives, by R. Hornsby & Sons, gauge 
1 ft. 6 in., _— 10 in. by 9 in. and 15 in. by 1] in., 
weight a . 8tons. Lying at Royal Ordnance 
Factory, oolwich. 
SACK CLEANING MACHINE. 


Box 4 ft. by 3 ft. 3in, by 5 ft. high, with Hight 
leather beaters on drums fitted on 1j in diam. shaft. 





Clerk to the M: Ss. 
Offices : 
Devons Road, 
London, EK. 3. 





a. R. 


MINISTRY OF MUNITIONS. 
BY DIRECTION OF THE DISPOSAL BOARD. 


(jalvanised Tron ‘Wire for 


SALE 

Very large quantities of Plain Galvanised Iron 
Wire are for disposal by Tender or Private ate 
in various gauges ranging from 4 §.W.G. to 18 
S.W.G. (Single and Stranded 

The wire is new and sked in coils and is 
suitable for fencing, telephone and telegraph 
reinforcing and other work. An yg oo may 
be purchased from 1 ton upw Datum price 

per ton. 

Full particulars as to specification, quantities 

ice &c., can be obtained from the CON MOLLER. 

-B. 34, Room 55, Caxton House, Westminster, 
8.W.1. Telephone’ No. : we 8540, Ext. 18, 
where samples may also be view 
Note.—For Surplus, the detailed list of Surpius 

Government Property, apply at the nearest 

Bookstall or to a local Newsagent (to whom a 

standing order should be given), compiled by the 

Director of Publicity, Ministry of Munitions, 

_ Whitehall Place, London, 8.W.1. Price 34. A380 





a. R. 


MINISTRY OF MUNITIONS. 
BY DIRECTION OF THE DISPOSAL BOARD. 


Fo Sale, by Public Tender, 


closi: Mi 
PILE DRI ving 1 PLANT 


RICHBO ROUGH, 


the followi 
ilers of va ous sizesand makes, Steel 
pis cntunanens and hammers. Piling frames. 


team Se pions, —— Pumps, Smith's 
th water tan lso various Mg og 


all ‘Pull. particulars and cael to view, can 
ane to the CONTROLLER, 
DB.Le., Chi Cross Embankment Buildinsg, 
London, W.C. 2. 


Nore.—For , the a of Surplus 

vernment or Sale, apply at the 
Dearest Bookaall or tk local mewnagert t to whom 

a standing order should be Compiled by 


omnes 


1, price 8d. A 150. 


dary shaft having a rotary brush. Complete 
with movable grid for feeding sacks into machine, 
and six dust shoots. Lying at Main Supply Depot, 
Glasgow. Ref. M.K. 9972. 


10 TON LOCO. CRANE. 


10 ton Loco. Crane, by Whittaker. Ref. M.K. 9972 

Lyimg at A.C.S. Depot, R.A.F., West Drayton. 
ACETYLENE WELDING PLANT. 

Six Acetylene Welding Plant, complete with 

enerator and mountings, 15 in. diameter by 2 ft. 
§ in. high, carbide container, Watchman type, 
18 in. dia. 

One Acetylene Welding Plant, Imperial type, 
with burners, &c. Lying at Portobello Aerodrome, 
Edinburgh. 

ELECTRIC WINDING PLANT. 

100 HP. Motor, 440 v. three-phase variable speed. 
Controller by Siemens. Oil immersed reverse cur- 
rent controller. Single 8 ft. drum with extended 
bed for motor, couplings, balance weights, 250 yards 
lin. wire rope, water lifting buckets, timber, <c. 
Lyin at Government Cartridge Factory No. 1, 
B hciheath Depét No. 92, Birmingham. 

GRAVEL WASHING MACHINE. 

Gravel Washing Machine with graduators to pea 
size, approx. output 75/100 yards per day. Belt 
driven. Ref. ME. 8058 Lying at Grain Isla ia 
Firing Point, ine of Grain, Yartlett Creek, Kent 


MORTAR PANS. 


Three Mortar Pans. Ref. M.K. 8073.5.8. One 
Concrete Mixer and Engine combined. Ref. M.K. 
8076. Lying at Henlow a Depot, via Shefford, 
Beds. Yen Field Forges, 2 ft. dia. by 2 ft. 6in. high, 
with bellows. Lying at Portobello Aerodrome, 
Edinburgh. 

BEACUN LIGHT PETROL AIR GAS GENE- 
RATORiby the British Motor Co., Ltd., suitable for 
120 lights with generator ; Gasometer, Feed _ 
Tower with pulleys, cable, etc. Ref. M.K.7%49 
i at Strensall Camp, Yorkshire. ' 

TE BENDING ROLLS for masts, capable o 
tending up to 12 ft. wide by iS dia. arranged ie 
electric drive, driving by 40 HP. motor and 25 - 
motor for lifting top roll. — of motors ; 
r.p.m., tep roll so arra that plate can be 
removed after being bent to a circle, no motors 
included. Overall dimensions 23 ft. 6 in. by 6 !t.. 
without motors. Ltd. 
Lying at Works of Messrs. Pert 8 Co., 
Croydon. Works: Leeds. Hef 

Tenders for above must be received not laver than 
Ten a.m. on Kage @nd. Tender Forms and 
Permits to view can be obtained on application to 

the CONTROLLER, DBA (B), Charing Cross 
, ete Buildings, London, W.C. 2. 


list of surplus 
, the detailed apply to the 
mt (to whom 
of Publicity, Muniti le 
v of uw ons, 
Place, London, 8.W.1. Price 3d. A ® 
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HELL GATE BRIDGE, NEW YORK. 
By Frank W. Sxruyner, M.Am.Soc.C.E. 
(Continued from page 238.) 

Derartinc TRuss MEMBERS. 

GENERAL and complete detail plans were prepared 
by the consulting engineer, and from them the con- 
tractor was required to prepare working drawings 
conforming to their specific features and dimensions 
but with the opportunity to make them consistent 
with his facilities for fabrication and erection and in 
accordance with the results of his experience in shop 
and field work. Some of these drawings have been 
reproduced on Plate XV; also on pages 296 and 297. 

The particulars of the trusses for panel points 0 to 
4 are given in Fig. 30, the details of the top and 
bottom laterals in Fig. 31, and the details of the floor 
system in Fig. 32, Plate XV. On page 296, Fig. 33, 
the details of the trusses for panel points 18 to 22 
are given, and on page 297, Fig. 34 shows the 
details of the sway bracing and portals. The illus- 
trations, Figs. 35 and 36, on page 312, give an 
excellent idea of the proportions and general lay- 
out of the main trusses. 

All members were made of plates and angles 
riveted throughout and having riveted field con- 
nections, considerations that limited the cross 
sections to types composed of two main web plates 
with coversor diaphragms asrequired. Allmembers 
have rectangular cross sections, and excepting the 
I-shape vertical suspenders are made of twin built- 
up channels or I-beams with their flanges connected 
by cover plates or latticing, and are stiffened by 
transverse plate diaphragms pierced with circular 
manholes at the centre and riveted to the webs 
through connection angles. In the diagonal web 
members the built channels have their flanges 
turned in and latticed. 

On account of the size and thickness of the plates 
and angles very large rivets were used to reduce the 
size of the gusset connection plates to a minimum. 
The rivets in the bottom chords and in the field con- 
nections of all truss members are 1} in. in diameter 
with grips up to 9} in., and all of the other rivets, 
except in secondary members, are 1] in. in diameter. 
Where the grip of the rivets exceeds four diameters 
the number of rivets required to transmit a certain 
stress is increased 1 per cent. for each additional 
fin. of grip. Where spliced plates are not in direct 
contact with the parts they connect the number of 
rivets on each side of the joint is increased over the 
theoretical number required by 33 per cent. for each 
intervening plate. Rivets under stress passing 
through filler plates are increased in number in pro- 
portion to the thickness of the filler, being doubled 
for a thickness equal to the diameter of the rivets. 
Each individual plate or angle is spliced as directly 
as possible, avoiding the transfer of stresses through 
other pieces. In general both tension and com- 
pression joints are fully splice-riveted. The strength 
of every connection is sufficient to develop the full 
strength of the member even though the latter may 
be greater than the actual computed stress. 

All panel point connections are made with two 
gusset plates 1 in. thick in the middle panel and 14 
in. thick in the other panels. The largest plates, 
120in. x 1§ in. x 17 ft. 6 in. were limited by the 
capacity of the rolling mills. 

The web members are connected to the chords at 
panel points with their webs in the same plane as 
the large gusset plates and cut to clear them. Con- 
nections are made by double cover splice plates and 
by the projecting ends of the flange angles which 
form jaws engaging the gusset plates and have their 
outstanding legs connected by lug angles. The 
splice plates were shop riveted to the web members, 
the rivets nearest gusset plates being field driven 
to allow the pieces to spring and permit the entrance 
of the gusset plate during erection. 

Where the flanges of channels and I-beams are 
connected by latticing special pains were taken to 
make the latter adequate, and it was proportioned 
everywhere to resist at any section at right angles 
to the axis of the member, a shearing force in pounds 
300 times as great as the gross area of the member 
in inches. All latticing was made with angles at 
least }-in. thick with two rivets at each end. The 
main truss members and laterals have double lattice 





angles inclined about 45 deg. to the axis of the 
member. One of each pair of lattice angles is 
spliced at the intersection by a square plate, and 
all lattice angles are placed inside the flange angles. 
Tie plates are placed as near as practicable to the 
ends of the members and always well within the 
edges of the gusset plates. All bottom chord cover 
plates are continuous across the panel points where 
they are notched out to clear the gusset plates. 
This insures an important increase in the stiffness 
and support of the webs beyond what would be 
provided if the tie plates were here omitted as is 
often done. 
Bortom CHorDs. 
The bottom chords have a maximum cross section 


| of 1,392 sq. in. which with the exception of the 


1,902 sq. in. bottom chords of the new Quebec 
Bridge, are the largest ever built. The chords have 
a uniform width of 6 ft. 6} in. and have a closed 


_double-box section consisting of two vertical webs, 


top and bottom cover plates, and a solid horizontal 


diaphragm through the neutral axis of the member. 


The effective gross sectional area varies from 929 
sq. in. at the crown to 1,392 sq. in. at the skew 
back bearings. The over-all depth increases from 
7 ft. at the crown to 10 ft. 10 in. at the skew backs 
where it was limited by transportation require- 
ments that even with special low cars used would not 
permit any greater over-all depth. The variation 
in depth permitted a uniform thickness of the webs 
to be maintained thus facilitating the splicings. 

The cross section of these chords is unusual in 
that it is entirely closed, a feature which on account 
of its large dimensions did not involve any material 
difficulty in riveting on the cover plates that neces- 
sitated the presence of a man inside the member 
to hold on the rivets. These chords are notable on 
account of the unusual thickness of 2 in. of the main 
web plates and of the centre diaphragms, which 
under numerous tests showed high elasticity and 
ultimate strength. 

At panel points the web plates are cut to clear the 
gusset plates which really form short connecting 
sections of the web plates that project beyond the 
flanges of the chords to receive the web members. 
All parts of the chords that are not in the planes 
of the gusset plates extend to the butt joints and 
both web and flanges are spliced by double cover 
plates on both sides. Both sets of rivets are in double 
shear and the gusset plate itself acts as a splice. 

As all the bottom chord sections make butt 
joints at panel points and as the planes of the 
joints are oblique to the axes of the chords and 
the angle varies at each point, the joints were of a 
very special and delicate nature and were par- 
ticularly difficult to make on account of the extra- 
ordinary dimensions ofthe pieces. As it had pre- 
viously been found difficult to make perfect joints in 
chords 4 ft. deep it was anticipated that it would 
be vastly more so with chords nearly 11 ft. deep, 
and it was proposed to insure positive bearing on 
the centre line of the chord by making the end of 
one section at the joint a straight plain surface at 
the required angle with the axis of the piece, and 
finishing the other end to a rounded surface tangent 
to the plain surface at the centre line. 

During the investigation of this proposed joint 
the contractor finished two end pieces to the exact 
required planes and found that they made perfect 
contact, thus demonstrating the possibility of 
reliable joints. Eventually it was determined, 
however, to make one end as at first proposed with 
a single oblique surface at the required angle to the 
axis and to make the other end with the middle 
third of the radial surface planed to this angle 
and the two outer thirds tapered off to a clearance 
of 4 in. at the upper and lower edges of the chord. 
This concentrated the bearing pressure on the 
middle part of the joint and avoided dangerous edge 
pressures. When the chord members were first 
assembled the joint was made with full width 
bearing and afterwards one end of each chord section 
was bevelled so that at each outer third there was a 
wedge shape clearance 4 in. thick at the end. As 
the erection stresses were developed and the service 
bolts and drift pins were replaced by rivets these 
clearances were gradually diminished. 

The outer thirds of the joints are spliced 100 per 





cent., the middle third being spliced only about 





50 per cent. This gives a total efficiency of 70 per 
cent. or 80 per cent. of the effective area of the 
chord with a section modulus nearly equal to that of 
the main section. Considering both the splice and the 
bearing area of the middle third of the main section 
the total resisting area of the joint is from 110 per 
cent. to 120 per cent. of the normal chord section. 

The bottom chord sections are unusual in that 
each web plate is made with an upper and a lower 
half having a full length longitudinal joint in the 
neutral axis of the member spliced inside and outside 
with two 40-in. by #-in. cover plates with six 
rows of rivets. The maximum chord section with 
& gross area of 1,392 sq. in. is made up of four 62-in. 
by 2-in. web plates, twelve 8 in. by 8 in. by 1 in. 
flange angles, eight 40-in. by #-in. splice plates, 
four 18-in. by 14-in. flange reinforcement plates, 
eight 22-in. by #-in. flange cover plates, two 50-in. 
by 1-in. top and bottom cover plates, and one 48-in. 
by 2-in. centre web plate. 

The bottom chord splice at panel point L8 is 
made with two 94-in. by 1-in. plates 17 ft. 2} in. 
long, two 93}-in. by §-in. plates 12 ft. 11 in. long, 
two 18-in. by 1-in. plates 12 ft. 34 in. long, two 
23-in. by 1-in. plates 12 ft. 3 in. long, two 44-in. by 
§-in. plates 7 ft. 9 in. long, and two 44-in. by §-in. 
plates 7 ft. 5} in. long. 


Tor Cuorp anpD Wres ME™‘BERS. 


The top chord and web members have a rectangular 
box section with two webs in vertical planes, and 
with cover plates connecting the flanges of the 
top chord and vertical end posts. The maximum 
top chord section of 385-6 sq. in. consists of two 
44-in. by 1}-in. web plates, eight 8-in. by 8-in. by 
l-in. flange angles, two 28-in. by 1-in. side plates, 
two 6}-in. by 1-in. by }-in. flange plates, two 26-in. 
by 1-in. cover plates and one 44-in. by 1-in. cover 
plate. The chords are 6 ft. 8 in. wide over all and 
3 ft. 9 in. deep back-to-back of flange angles. The 
splice at point U 23 is made with one 80-in. by 1 in. 
by 8 ft. 1 in., two 17} in. by 1 in. by 11 ft. 114 in., 
one 15} in. by 1} in. by 6 ft. 4 in., one 11} in. by 
1} in. by 6 ft. 4 in. and three 6}-in. by §-in. |by 2 ft. 
9 in. top plates, with two 37-in. by 1}-in. by 7 ft. 
7}-in. side plates, and with two 8-in. by 8-in. by 
l-in. by 10 ft. 9 in., two 8-in. by 8-in. by }-in. 
by 14 ft. 74 in. and two 6}-in. by §-in. by 3 ft. 4-in. 
bottom pieces. The splices are made similarly to 
those in the bottom chord, except that both ends are 
planed to full bearing at the required angle. The 
depth of the end section of the top chord increases 
to 5} ft. to give it a more massive appearance near 
the towers. Steps are provided in the interior of 
the chord for a passage way to the centre point 
where there is an opening to the exterior which is 
guarded by a pair of hand rails. 

The end vertical members about 103 ft. long are 
made with two webs 5 ft. 1 in. deep and 4 ft. 8} in. 
apart with the flanges at one side connected by a 
solid cover plate and on the other side latticed. 
Above floor level the webs are connected by a 
centre diaphragm plate. ‘Lhe gross area of 315 8q. in. 
in the lower part of the post is made up of two 
60-in. by 1-in. web plates, eight 8-in. by 8-in. by 
l-in. flange angles, one’76-in. by }-in. cover plate. 
The other verticals are of similar construction 
except that the web plates are only 4 ft. 7 in. wide 
and that the cover plates are omitted, both sides 
being latticed. The maximum gross area of 
281-3 sq. in. consists of two 54-in. by 1§-in. web 
plates and eight 8-in. by 8-in. by }-in. and {-in. 
flange angles. The diagonal members are of 
similar construction with a maximum gross area of 
201-8 sq. in. made up of two 48-in. by 1-in. web 
plates and four 8-in. by 8-in. by }-in. flange angles. 

The vertical suspenders that in the centre of the 
span support the floor beams from the lower chords 
are of 1-shape cross section 4 ft. deep with a gross 
area of 108 sq. in. and are made up of one 48-in. 
by 1-in. web plate and four 8-in. by 8-in. by 1-in. 
flange angles. The webs are perpendicular to the 
axis of the bridge, and in order to prevent the 
development of bending stress they are connected 
to the trusses and to the floor beams, with 16-in. 
top and bottom pins. 


LaTERAL AND Sway Brace Systems. 


Each transverse panel between the two lines of 
top chords and between the two lines of bottom 
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chords is X-braced with riveted members designed 
to resist both tension and compression. These 
members have rectangular cross sections made 
with a pair of built channels 24 in. deep with their 
webs in horizontal planes and the flanges turned in 
and latticed. The ends are field riveted to jaw 
plates on the sides of the chords and at inter- 
sections one strut is cut to clear the other and is 
spliced across it by top and bottom flange cover 
plates. Lateral systems are proportioned not only 
to transmit wind stresses but to strengthen the 
compression members and prevent their buckling. 

The stringers are 6 ft. deep with web connections 
to the floor beams and are connected in pairs with 
top and bottom lateral braving and two sway 
frames in each panel. 

The floor beams are heavy box girders with double 
webs 84 ft. deep connected by top and bottom 
cover plates 42 in. wide, by vertical diaphragms 
in the planes of the stringers, and by horizontal 
diaphragms opposite the floor lateral connections. 
The full length suspended floor beams 93 ft. long 
weigh 86 tons each. The eight end floor beams 
about 60 ft. long terminate at the arch trusses and 
are extended beyond them with separate cantilever 
brackets. 
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Fie. 33. Derrais or TrussEs; PANEL Pornts 18 To 22. 


The diagonal members of the floor lateral truss 
consist of built channels riveted across the bottom 
flanges of the track stringers. The channels are 
made of }-in. plates from 18 in. to 24 in..wide with 
two or four 6-in. by 4-in. by 4-in. flange angles on 
the lower side. The diagonals take both tension 


and compression, and in their long unsupported 
length between the outside track stringers and the 
wind chords they are stiffened by latticed struts 
parallel with and 2 ft. above the diagonals con- 
nected to them by lattice angles. 

At the expansion joints in the floor the two 
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diagonals on the sliding side are connected to a 
longitudinally movable horizontal gusset plate that 
transmits the lateral reaction to a bracket attached 
to the centre of the floor beams. 

The chords of the floor-lateral truss, which are 
also bottom chords to the railing girders, have a 
T-shape cross section with the horizontal flange on 
the lower side and the vertical flange receiving 
the web members of the railing girders. 

The braking girders have single webs 8 ft. wide 
and immediately below the floor laterals are framed 
to the bottom chords of the arch trusses and are 
connected to the stringers by vertical diaphragms. 


SKEWBACK BEARINGS. 


Through each of the skewback bearings the lower 
chords transmit to the masonry a total force of 
30,262,000, which is reduced to a unit pressure of 
700 lb. per square inch on the bearing area 17} ft. 
square. The end of the lower chord is planed square 
and to it is riveted a 30-ton steel casting with 
normal and inclined ribs 5 in., 6 in. and 8 in. thick 
and with a height of 5 ft. measured in the axis of the 
lower chord. The lower surface of this shoe is 
planed flat to engage the cylindrical surface of the 
pedestal, thus forming a rocker bearing that pro- 
vides for displacement due to the distortion of the 
truss with little frictional resistance. The shoe 
consists of two 30-ton steel castings bolted te 
the arch rib. Each skewback pedestal is made 
up of 11 steel castings arranged 
in three crossed tiers with a total 
height of 15 ft. 5} in. normal to 
the direction of pressure. The 
lower tier is seated on a 17 ft. 6 in. 
by 17 ft. 6 in. by 1-in. steel plate 
secured, without bedding, to the 
masonry by sixteen 24-in. anchor 
bolts 10 ft, long. The cylindrical 
bearing surface of the pedestal 
has a radius of 1,150 in. designed 
for a maximum angular motion 
of 1 deg. 30 min. The bearing 
on the theoretical line of contact 
is 261,000 lb. per linear inch, but 
owing to the elasticity of the 
metal this load is practically distributed over a 
width of about 94 in. on which there is a maximum 
pressure of 27,500 Ib. per square inch. The maxi- 
mum tangential force of 3,570,000 Ib. is resisted 
by friction, in addition to which there are pro- 
vided four 5}-in. dowels set in the lower part of the 
pedestal and engaging holes in the shoe to prevent 
possibility of its accidental displacement. 

The total weight of steel in the arch span, includ- 
ing 470 tons of I-beams in the concrete floor slab, 
is 38,710,000 lb., of which the floor system weighs 
9,090,000 Ib., the arch trusses 21,640,000 Ib., and 
the skewback bearings 1,990,000 Ib. 


Ey 





CAMBER AND DEFLECTION. 


The distortion due to dead load stresses was 
practically eliminated by providing increments or 
decrements of the length of members corresponding 
to their computed changes under stress. 

Deflections under dead loads were calculated on 
a consideration of the gross area of all members, 
the influence of details and the rigidity of connection 
being neglected. The modulus of elasticity was 
assumed to be 30,000,000 lb. per square inch and 
the linear temperature expansion as 0-0000065. 
Under the total dead load averaging 51,000 Ib. 
per linear foot of the bridge, the vertical deflection 
of the floor from its theoretical cambered position 
is 8-35 in. The maximum downward deflection 
under live load is 5-19 in. and occurs at the quarter 
point of the span under a load covering about one- 
half of the span. Simultaneously the correspond- 
ing point on the other end of the span rises 3-46 in. 
Greatest centre deflection is 3-82 in. and occurs 
under a load covering approximately the middle 
half of the span. 

Temperature deflections at the centre of the 
span are about -074 in. for each variation of 1 deg. 
in temperature making a total of plus or minus 5-3 
in. for a change of 72 deg. 


MATERIAL. 


All the steel in the superstructure belongs to one 
of four classes, namely, hard steel, structural steel, 
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rivet steel, and steel castings. Metal was required 
to have the following physical and chemical pro- 
perties. 











Taste I. 
Hard | Structural| Rivet | Cast 
—_ Steel. Steel. Steel. | Steel. 
Phosphorus, maximum— 
Basic .. wa 0-04 0-04 0-04 0-05 
Acid se ee 0-06 0-06 0-04 0-08 
Sulphur, maximum --| 0°05 0-05 0-04 0-05 
Ultimate tensile strength, 
in lbs. per square 
inch— 
Maximum .+ | 76,000 70,000 | 58,000 — 
Desired . | 71,000 66,000 - — 
Minimum ata .- | 66,000 62,000 | 50,000 | 65,000 
Yield point, minimum... | 38,000 35,000 | 28,000 | 33,000 
Elongation, minimum— 
In 2 in. for cast steel .. bd 22 per 28 per | 20 per 
In 8 in. for other steel cent. cent. | cent. 
Character of fracture Silky Silky Fine, | Silky 
silky. | or fine 
granu- 
lar 
Cold bend without fracture ° t t 8 

















* Minimum elongation for “hard steel’’: 1,400,000 divided 
by ultimate strength for thicknesses up to and including ? in. ; 
1 per cent. less for each additional 3 in. in thickness, with a 
limit of 16 per cent. for thicknesses up to and including 2 in. 
and 15 per cent. for thicknesses greater than 2 in. 

Cold-bend test for “‘ hard steel’’: 180 deg. around a pin of 
double the thickness of the test piece for material up to and 
including } in., 180 deg. around a pin three times that thickness 
for material of greater thickness than } in. 

¢ 180 deg. around pin of thickness of test piece, 

t 180 deg. flat. 

§ 90 deg. around pin of thickness of test piece. 


The chemical analysis was made from test ingots 
during the casting of the melt, and included the 
determination of carbon, manganese and silicon, 
in addition to phosphorus and sulphur. The carbon 
ranged between 0-27 per cent. and 0-34 per cent. 
in the hard steel and between 0-23 per cent. and 
0-28 per cent. in the structural steel, and man- 
ganese from 0-52 per cent. to 0-64 per cent. and 
0-36 per cent. to 0-61 per cent. respectively. 
Special stress was laid on sufficient discard being 
made from the ingot to insure sound material free 
from piping and excessive segregation. 

Full-Sized Eye-Bar Tests.—About 1,900 tons of 
structural steel eye-bars, 16 in. wide and from 
1} in. thick to 2% in. thick, with forged heads 
374 in. in diameter, and 16-in. pin-holes were used 
in the Little Hell Gate Bridge. Twenty-one full- 
sized bars were tested, after annealing, and had 
to show the following results: ultimate strength : 
56,000 Ib. per square inch to 68,000 lb. per square 
inch; elastic limit; minimum, 33,000 Ib. per 
square inch, and maximum, 38,000 lb. per square 
inch ; minimum elongation in 10 ft.: 12 per cent. 

The physical qualities were determined by about 
7,000 tests, or an average of eight tests per 100 tons 
at the rate of from two to four tests per heat, accord- 
ing to the size of the latter. The hard steel showed 
an average elongation of about 25 per cent. and an 
average reduction of about 45 per cent. and met 
the bending tests without difficulty. It required 
extra hard tools for drilling and reaming in the 
fabricating shops. 


LoapDs AND STRESSES. 

‘The assumed dead load was used for the production 
of the initial stress sheet, Fig. 37, page 298, and 
was then revised and the stress sheet corrected 
until the actual panel concentrations were very 
closely secured and the drawings were detailed, 
after which the weight was again calculated from 
the drawings and weights differing very slightly 
from the shipping weights were arrived at that 
varied from 45,000 Ib. per linear foot to 62,000 Ib. 
per linear foot with an average of 51,900 Ib. 

The live load stresses. Fig. 38, were compated from 
an alternative loading due to a Cooper’s E-60 train 
on each of the four tracks, or an alternative three- 
axle load of 70,000 Ib. on each axle. 

he arch trusses were proportioned for uniform 
loads of 6,000 Ib. per foot of track, or 24,000 Ib. 
per foot of bridge, placed in the most unfavourable 
position either in a single loading or in two separate 
loadings. The statical stresses were increased by 
impact stresses determinated by the formula— 

_ we 1200 + - 
~ ae 

D+h 600 + 4a 
where D is stress from dead load in pounds, L is 
Stress from live load in pounds, @ is the length 





of the train behind the locomotive tender, in 
position of maximum stress, and n is the number of 
tracks loaded for maximum stress. 

It was assumed that the greatest possible future 
increase of loading compatible with the present 
track and rolling-stock would give static stresses well 
within the limits of strength of all of the members 
except a few of the heaviest bottom chord pieces 
which might have required an increase of about 3} 
per cent. As such extremely heavy loads would be 
moved slowly it was considered justifiable to neglect 
the effects of impacts for them, the bridge therefore 
being considered safe for any possible loadings that 
may be applied to it. 

The lateral force due to the swaying motion of 
fast-moving trains on tangents, or the centrifugal 
force on curves up to 2 deg., has been assumed 
at 600 lb. per linear foot of single track and at 
300 Ib. for each additional degree of curvature up 
to 6 deg., and an increase of 50 per cent. was made 
for each additional track, thus giving for a four 
track bridge on a tangent a total lateral force of 
1,500 lb. per foot. As-this force may act at any 
time it is considered in combination with the 
regular wind stresses. 

Wind pressure was assumed as a moving load of 
500 Ib. per linear foot of bridge at track level, plus 
a static load of 30 Jb. per square foot on all such 
vertical surfaces of the unloaded bridge as are 
exposed at an angle of between 20 deg. above and 
20 deg. below the horizontal or at an angle of 45 deg. 
from the axis of the bridge. This resulted in an 
average wind pressure of 600 Ib. per linear foot of 
horizontal projection of top chord, 1,000 lb. per 
linear foot of horizontal projection of bottom chord, 
and 1,500 lb. per linear foot of floor inclusive of the 
500 Ib. moving wind pressure, or a total of 3,100 Ib. 
per linear foot of bridge. 

The longitudinal force at rail level from traction 
and braking was assumed either as 16,000 lb. for 



















& 8322 2222 & 2223 2223 
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each of the eight driving axles of the two locomotives, 
or as 1,000 Ib. per linear foot of train, according to 
which gave the greatest result. 

Stresses from temperature were determined for 
a variation of 72 deg. in either direction from the 
normal of 60 deg. F. They are maximum at the 
centre of the top chord where they attain a value 
of 4,000 lb. per square inch equal to about 40 per 
cent. of the live load stresses. 

1. For members which carry dead and live load, 
the “total stress” was obtained by adding with 
stresses from dead load (D), live load (L), impact 
(I), lateral force (Lat.), and the so-called “excess 
stress”? (Exc.). This excess is the sum of the 
stresses from wind pressure (W), braking force (B), 
and temperature (T), less 20 per cent. of the sum 
(D+L+1-+ Lat.). This is equivalent to allow- 
ing up to 25 per cent. higher unit stresses for the 
sum (D+L+I1I+Lat. W+B+T) than for 
the previously mentioned “total stress,” the per- 
centage decreasing with increasing value of (W + 
B + T). 

2. For members which carry no dead and live 
load, the “ total stress’? was made equal to (W + 
B+ T + Lat.). The “total stress,” divided by 
the permissible unit stress, gave the minimum 
required area. 

Unit STRESSEs. 

An unusual distinction was here made by per- 
mitting greater compression stresses in members 
having solid diaphragms or cover plates than in 
other members having flanges connected only by 
latticing. For members with a closed section or 
with a section having two diaphragms or with one 
diaphragm and two planes of latticing the unit 


l 
stresses vary from 24,000 to 15,000 for values of 3 


from 20 to 120. For a half open section with one 
cover and one latticing or with one diaphragm 





varied from 23,000 to 14,000. For an open section 
with two or more planes of latticing the correspond- 
TaBLe Il.—Permissible Unit Stresses Assumed, 











For 
Approach 
For Trusses Sogee ans 
and cing | gystem and 
Gate Bridge Suspenders 
‘ (Hard Steel). | gy 
(In Ibs. per | (structural 
square inch). Steel). 
In Ibs. per 
square inch. 
Axial tension, net section -+| 24,000 20,000 
Bending on extreme fibre o 
beams, girders, and steel cast- 
ings, net section es |— 20,000 
Axial compression, net section— 
(a) my —me, or 4 = 20 | 24,000 20,000 
se wit! wo 
Ginphragms, or onc) $0 | 32.000 reese 
diaphragm and two 80 | 20'000 15,000 
two planes of lattic- 100 | 18'000 14/000 
MSs. te 120 | 15,000 12,000 
l 
(6) Half-open section, | 7 ™ 20 | 28,000 20,000 
with one cover and 40 | 22,000 18,000 
one latticing, or with 60 | 22,000 16,000 
one diaphragm with- 80 | 18,000 14,000 
out latticing 100 | 16,000 13,000 
120 | 14,000 11,000 
l 
7= 20 | 22,000 19,000 
(c) Open section, with 40 | 20,000 17,000 
two or more planes 60 | 18,000 15,000 
of latticing * 80 | 16,000 13,000 
100 | 14,000 12,000 
120 | 12,000 10,000 
Shearing stress per square in.— 
On plate girders, net section ..| — 15,000 
Shop rivets and pins .. ee 15,000 =e 
pulieedienn and-turned bolts ,. 12,000 _ 
ry stress per square in.—~ 
Pins ee ms o + +| 24,000 20,000 
Shop rivets ee es ee 80,000 od 
Field rivets and turned bolts .. 24,000 _— 
Pressure on— 
Expansion rollers per linearinch| Diameter of = inches 
x1, 
Granite masonry (per sq. in.) .. 800 800 
Concrete =eeny’ 7” ee 600 800 














ing stresses varied from 20,000 to 12,000. An 
axial strain of 24,000 lb. was allowed on the net 
section. Shearing stress on shop rivets and pins 
15,000 ; field rivets and turned bolts 12,000; bearing 
stress on pins 24,000; shop rivets 30,000 ; field rivets 
and turned bolts 24,000; iron granite masonry 8CO 
and on concrete masonry 600 lb. per square inch. 

The maximum calculated secondary stresses that 
occur simultaneously with the maximum primary 
stresses in pounds per square inch are for the 
bottom chord; dead load 1,300 live load 1,300, 
combined dead and live 2,100, top chord; dead 
load 2,100, live load 3,100 combined 5,200; dia- 
gonals dead 5,000, live 2,800, combined, 6,300 ; 
verticals dead, 2,200, live 4,400, combined 4,800. 
These, being extreme fibre stresses, are assumed 
to be covered by the margin of safety in the primary 
or axial stresses. No attempt was made in the 
fabrication and erection of the trusses to eliminate 
or even reduce the secondary stresses. 

The greatest erection stresses in the arch trusscs 
were: + 18,600 and — 16,660 lb. without wind, 
and + 20,400 Ib. and — 19,700 lb. with an assumed 
wind pressure of 30 lb. per square foot of exposed 
surface. Only in the end panel of the top chord 
was the erection stress greater than the total stress in 
the permanent bridge, but these members required 
a certain minimum section which was sufficient 
for the erection stress. No extra metal was required, 
therefore, in the arch trusses for erection pur- 
poses. The maximum values allowed for the 
erection stresses without wind in the temporary 
structural steel backstays were 20,000 Ib. per squaie 
inch tension and 25,000 lb. per square inch with a 
wind pressure of 30 Ib. per square foot of exposcd 


surface. 
(To be continued.) 





Warer-Power tx THE Dutce Inpies.—The water- 
wer possibilities of the Dutch Indies have recently 
m surveyed and the available water power so far dis- 
eovered amounts to 1,000,000 - Conditions would 
allow of power stations of 100,000 h.p. being established 
in certain districts. It is proposed to establish factories 


for the production of nitrates from the air in Central 
Celebes and Sumatra, but the cost of harnessing the 





without latticing, the corresponding unit stresses 


water power has apparently not yet been fully in- 
vestigated. 
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THE EFFECT OF CARBON DIOXIDE 
WHEN PRESENT IN INFLAMMABLE 
GASEOUS MIXTURES ON EXPLOSION 
PHENOMENA. 

By Major W. T. Davin, M.A., Assoc.M.Inst.C.E. 
Introduction.—1. Shortly after completing a 

research on the emission of radiation from exploded 

mixtures of Cambridge coal-gas and air of various 
strengths and densities the author made a number 
of experiments on the effect of replacing the nitrogen 
of the air in such mixtures by CO,. The results of 
these experiments which have not been previously 
published are of considerable interest, as indicating 
the kind of influence which products of combustion 
when mixed with the working fluid in the cylinder 
of an internal-combustion engine have upon working 
pressures and heat loss to the walls of the cylinder. 

2. The experiments were originally made to dis- 
cover whether the presence of a gas like CO, (which 
absorbs radiation of the wave-lengths emitted by 
an exploded mixture of coal-gas and air) had any 
influence in reducing the large heat loss due to 
radiation from the mass of the hot gaseous mixture. 


Curve B: 15 per cent. coal-gas, 26-4 per cent. 
oxygen and 58-6 per cent. COo. 

Curves C and D*: 15 per cent. coal-gas, 19-7 per 
cent. oxygen and 65-3 per cent. CO2. 

* Curves C and D it will be noted relate to mixtures of 
the same composition, but for some reason or other the 
rate of explosion was slower in the one than in the other. 
In some ways this appeared to be a critical mixture (see 
description of experiment in §10) and possibly a slight 
difference in mixing was sufficient to account for the 
different rates of development of pressure. 


EXPLOSION VESSEL-30 cm. DIA&3I0cmLONG. 
Fig./. “Y 















prc | 









a 
Ud 





% 


B—C0,. GG SSS 


S 








eal 













































































For purposes of comparison the pressure records 
of a 10 per cent. and a 15 per cent. mixture of 
coal-gas and air are included (dotted curves E 
and F). 

It will be convenient to refer to the mixtures 
containing coal-gas, oxygen and CO,, as the CO, 
mixtures, and the coal-gas and air mixtures as the 
nitrogen mixtures. 

From curves B, C and D, which give the pressur: 
records of 15 per cent. mixtures of coal-gas with 
varying quantities of CO,, and curve E, which is 
the pressure record for a 15 per cent. mixture of 
coal-gas and air, it will be seen immediately that 
the presence of CO, reduces greatly the maximum 
pressures developed and slows down the speed of 
combustion; and, further, that the greater the 
proportion of CO, the lower the pressures and the 
slower the burning. In the 15 per cent. coal-gas 
and air explosion a maximum pressure of 105 |b. 
per square inch (gauge) was reached in 34, second, 
whereas in the mixture containing 15 per cent. 
coal-gas and 58-6 per cent. CO, a maximum pressure 
of only about 68 lb. per square inch was developed 


in 3, second (i.e., three times as long) and in the 
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my, Fig. 2. PRESSURE RECORDS. Fig.3. MEAN GAS TEMPERATURE & RADIATION CURVES. 

a a ! | y stad G.Gas Temp. of mixture 15% Goal bo 

a GurveB ” 15% coal-gas. 586%C0626 9% 0 fave Ht Gas Temp. of mixture 15% Coal y 

i / p + lee Bae coal-gas, | a came 5 
Qurve coal -gas, Curve K.Gas Temp. of mixture 15% Coal gas $85% air ; 

j L hw | GurveF 1% coal-gas, 40% air : haan 12 8 F 
wi i af 
Sat} a SS S is 
b / B a, —ed K, S$ 
~ c io om _ 2 g 
a f Ss 
s i A 
F / WA ra ia Ss 

h A 6 88 
ae E 8h 
A > g 
3 a 
& S 4 
ee ee £8 
(s976.2) . sas . 
Time after Ignition - seconds. ; 3 
2 
As will be seen presently the radiation loss was . 3 
considerably reduced, but on analysis the reduction 0 
was found to be due entirely to the lower tempera- 7) 1 15 2 “3 4 
tures developed in these mixtures. Indeed, had (996.0) Ti <9: 
: ‘ ime after Ignition-seconds 
the temperatures not been reduced owing to the 
presence of CO, the radiation emitted would have TABLE I.—Pressures IN THE VARIOUS MIxTURES AT VARIOUS TIMES AFTER IGNITION. 
been much greater than that from the coal-gas and : ! es ; eels 
air mixtures. Pressure in Pounds per Square Inch (Gauge). 
3. A full description of the apparatus used will 
be found in a paper recording the results of the _ oo: —* Pane mo ——e: P naar ty _——_ _ ee: 

: p : P . or Cent. er Cent. er Cent. er Cent. er Cent. er Cent. er Cent. 
coal-gas and air experiments published in the 20-7 Coal-Gas.| 15-0 Coal-Gas.| 15-0 Coal-Gas.| 15-0 Coal-Gas.| 15-0 Coal-Gas.| 12-5 Coal-Gas.| 10-0 Coal-Gas. 
Philosophical Transactions of the Royal Society Zs oes. =. Saree. es a 4 Seen. 85-0 Air. 87-5 Air. 90-0 Air. 
(Series A, vol. cexi, pages 375 to 410). For the psietng4 33 ii sis silat 
purpose of this paper it is sufficient to draw attention ~ 
to the general arrangements of the explosion vessel, — _ = = -- 105 (max. pres.) — — 

“ ‘ . . an " 0-07 _ —_ _ _ — 91 (max. pres.) _ 
which are shown diagrammatically in Fig. 1. The 0-088 91 (max. pres.) _ ae wa ra = 
vessel consisted of a cast-iron cylinder, 30 cm. in Sas 90-5 — _ = 95 86 15 (max. pees.) 

. . . . = —_ _ _ —— 7 4 Ss. 
diameter and 30 cm. in length; its capacity was 0-15 85 68 (max. pres.) — — 85 78 74 
0-788 cub. ft. In the experiments about to be a8 a 4 de>) & 77 L = 
described the interior surface was painted over with 0-3 69 60 (47-5) (41) 64 62 61 

i re j j 7 0-35 65 58 (48-5) (44) 60 59 58 
a thin layer of dull black paint. The mixtures 9-4 os a. entien. en) (as-6) = 4 rH 
were ignited by means of an electric spark in the 0-45 58 53 49 (48-5) 53 53 53 
centre of the vessel and the pressures were recorded os ed oi 49° (49)t 49 49 49 
by means of a Hopkinson optical indicator which or a EE I Sane taame — 

: ‘ ™ aximum pressure remains & per square inch un abou second aiter on. 

reflected ® spot of light on to a rev olving photo- + Maximum pressure at about 49-5 Ib. per square inch is developed at about 0-65 second after ignition. 
graphic Mim. The radiation from the exploded TABLE I1.—15 per Cent Mixtures. Gas TeM RADIATI FROM CONE OF GAS OF 

. . é “ o—19 /ED p\ cs. x*AS LEMPERATURES AND ADIATION oO} /O» xAS 
mixtures was measured by means of a platinum Unit Sotip ANGLE at Vartous TIMES AFTER IGNITION. 
bolometer protected from the gaseous mixture by | ————-————— — 
means of a plate of fluorite, which is highly trans- Mixture : 15 per Cent. Coal-Gas, Mixture : 15 per Cent. Coal-Gas, Mixture : 15 per Cent. Coal-Gas, 
parent to radiation of the wave-lengths emitted by 58-6 per = pn hea 26-4 per 65-3 per — — and 19-7 per and 85 per Cent. Air. 
the hot gaseous mixtures. The heat received by Time ————- Ox ts ee 
the bolometer (which is proportional to the rise of its lenition ‘ <<, Fe al ean yee ; ° idl 

: : > — > 0 : Mean Gas Radiation in Cals. Mean Gas Radiation in Cals. Mean G tion in Cals 
electrical resistance) was measured by means of a Temperature, per Sq. Cm. of Te _e rature, per Sq. Cm. of Temperature, per Sq. Cm. of 
reflecting galvanometer, which reflected a spot of Deg. C. Abs. | Bolometer Surface. | Deg. C. Abs. | Bolometer Surface. | Deg. C. Abs. Bolometer Surface. 
light on to the same rotating film which was used i al 
for recording pressure. The pressures and radiation 0-05 760 0-03 380 na 2,400 0-1 
emitted could therefore be recorded simultaneously oi — o. yo = oor oa 
and generally covered a period of from 2 seconds 0-2 1'690 0-42 1,130 0:3 1830 0-80 
to 3 seconds after ignition. 0-25 1,630 0-53 1,240 0-44 1,650 0-91 

. 0-3 J “62 : e 1,590 0-98 

ecg Developed and Rate ee opera 0-35 + on + 1'500 1-05 

ig. 2 are given pressure records to a time 0-4 1,440 0°75 1,340 0-74 1,420 . 

In Fig. 2 rae ; : 0-45 1,380 0-8 1,340 0-82 1,380 1-13 

base for explosions of the following mixtures :— 0-5 1'350 0-84 1'340 0-88 1'320 1-15 

Curve A: 20-7 per cent. coal-gas, 26-3 per cent. 0-55 1,320 0-87 1,340 0-94 1,270 1-17 
oxygen and 53 per cent. CO2. 
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mixture containing 15 per cent. coal-gas and| from the plate of fluorite and the cone of gaseous 
65-3 per cent. CO, the maximum pressure (49 lb. | mixture (see Fig. 1) thus “seen” by a point on the 
per square inch) developed is only about half that| bolometer surface had a solid angle of 0-062. 
developed in the 15 per cent. coal-gas and air| The radiation curves in the figures were calculated 
mixture, and the development of this pressure took | from the curves of heat received by the bolometer 


6 


from % 


second to s% second. 


per square centimetre of its surface (after making 


The mixture containing 20-7 per cent. coal-gas| an allowance of 5 per cent. for absorption of the 
and 53 per cent. CO, developed a maximum pressure | fluorite plate and 5 per cent. for reflection from the 
of about 91 lb. per square inch in about 0-085| blackened surface of the platinum bolometer) and 
second. This is about the maximum pressure | dividing by 0-062 so as to give the radiation from 


TABLE III.—Composition oF THE CO2 AND NITROGEN MIXTURES AFTER EXPLOSION. 


Mixture before Explosion. 


20-7 per cent. coal-gas, 53 per cent. CO2 and 26-3 per cent. oxygen 


15 per cent. coal-gas, 58-6 per cent. COo and 26-4 per cent. oxygen 


15 per cent. coal-gas, 65-3 per cent. CO> and 19-7*per cent. oxygen 


| 


15 per cent. coal-gas and 85 per cent. air 


10 per cent. coal-gas and 90 per cent. air 


| 





Mixture after Explosion. 


64-7 per cent. COo, 28 per cent. steam, and remainder mainly 
oxygen. 

67-1 per cent. COo, 20 per cent. steam, 
oxygen. 

73-8 per cent. CO2, 20 per cent. steam, 
oxygen. 

8-5 per cent. COs, 20 per cent. steam, and remainder mainly 
nitrogen plus a little excess oxygen. 
5-7 per cent. COo, 13-3 per cent. steam, 

nitrogen plus excess oxygen. 


and remainder mainly 


and remainder mainly 


and remainder mainly 


Fig. 4. MEAN GAS TEMPERATURE & RADIATION CURVES. 





after ignition* (after which the radiation emitted 
is negligible) it is from 5 per cent. to 10 per cent. 
greater. 

Table II has been prepared from the curves in 
this figure. It shows both the mean gas temperatures 
and the emission from unit solid angle at various 
times after ignition. 

The radiation is emitted almost entirely by 
CO, and steam, and Table III has been prepared 
showing the proportions of these gases present 
in the gaseous mixtures after explosion. In the 
CO, and nitrogen mixtures containing initially 
15 per cent. of coal-gas, the proportion of steam 
present after combustion is the same (viz., 20 per 
cent.), but in the CO, mixtures there is from eight 
to nine times as much CO, as there is in the nitrogen 
mixture. But on the other hand the temperature 
developed in the CO, mixtures are much lower 
than those in the nitrogen mixture and to this must 
be ascribed the smaller amount of radiation emitted. 

8. In Fig. 4 are given mean gas temperature and 
radiation curves for a mixture containing 20-7 per 


€ 


cent. of coal-gas and 53 per cent. of CO, (X curves), 





and also for a mixture of 15 per cent. coal-gas and 
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(A 12-5 per cent. mixture of coal-gas and air would 
give a pressure record lying about midway between 
curves E and F.) 

It will be noticed that in all the CO, mixtures the 
cooling proceeds more slowly than in the nitrogen 
mixtures. 

Table I showing the pressures at various times 
after ignition has been compiled from the curves 
shown in Fig. 2. 

5. The lower maximum pressures produced in the 
CO, mixtures are due in a large measure to the 
greater volumetric or specific heat of CO,, as com- 
pared with that of nitrogen at high temperatures. 
There is considerable evidence, too, that whatever 
may be the truth as regards the “ after-burning ” 
or “ continued combustion ” theory in the nitrogen 
mixtures a considerable volume of chemical activity 
is proceeding at the moment of maximum pressure 
in the CO, mixtures, and indeed for some time 
during cooling.* This would indicate that a con- 
siderable fraction of the chemical energy of the 
inflammable gas has not been converted at maximum 
pressure into thermal energy, and is therefore latent 
in the mixture so far as pressure energy is concerned 

6. Radiation Measurements.—In Figs. 3, 4 and 5 
are given curves of mean gas temperature, and also 
of the radiation emitted from a cone of gaseous 
mixture of unit solid angle and of length or thickness 
equal to the length of the explosion vessel, viz., 
30cm. The mean gas temperature curves have been 
calculated from the pressure records by means of 


the equation @ = “5 after allowing for a small 


contraction of volume—of the order of 3 per cent.— 
which occurs during the combustion of coal-gas. 
All radiation measurements in these experiments 
were made when the bolometer was 5 in. away 











* This evidence is examined in §§9 and 10. 
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a cone of the gaseous mixture of unit solid angle. 

7. In Fig. 3 are given the radiation curves from 
15 per cent. mixtures of coal-gas with varying 
proportions of CO, The dotted curves in the 
figure (K and K ) refer to a 15 per cent. mixture 
of coal-gas and air and are here included for purposes 
of comparison. 

It will be seen at once that the radiation emitted 
by the CO, mixtures is considerably less than that 
from the nitrogen mixture—particularly in the early 
stages. At 0-25 second after ignition the radiation 
emitted by the nitrogen mixture is from 50 per cent. 
to 100 per cent. greater than that from the CO, 
mixtures; at 0-55 secon’ sfter ignition it is from 
20 per cent. to 25 per cent. greater; and at 1 second 





greater at 0-5 second after ignition) than that from 
the latter mixture—except in the very early stages, 
when the radiation from the latter is a little greater 
than that from the former. The rate of emission 
(see intrinsic radiance curves—shown dotted, 
which are the differentials of the radiation curves) 
is also much greater from the former mixture than 
from the latter throughout cooling—except in the 
very early stages (up to about 0-07 second after 
ignition). 

9. Intrinsic radiance values are plotted against 
mean gas temperatures in Fig. 5 for the various 
mixtures. Curves P and Q relate to CO, mixture 
and curves R and § to nitrogen mixtures. The 
P and Q curves show clearly that the CO, mixtures 
radiate much more strongly than the nitrogen mix- 
tures in the neighbourhood of maximum tempera- 
tures and further that the CO, mixtures radiate most 
strongly during the explosion period—i.e., before 
the gas temperature attains its maximum value.f 
Later on, when equilibrium conditions may be 
assumed to have more or less set in the rate of 
emission from the CO, mixture approximates to that 
from the nitrogen mixtures at the same temperatures. 

A gas which, like CO,, or steam, is capable of 
emitting radiation radiates much more strongly when 
undergoing chemical combination{ and it is highly 
probable that the large emission from the CO, 
mixtures when they are in the neighbourhood of 
maximum temperature is due in a large measure 
to chemical activity proceeding during this time 
in considerable volume. The radiation measure- 
ments indicate that chemical activity may be going 
on until the mean gas temperature has fallen to about 





* The radiation 1 second after ignition is not shown 
in Fig. 3. 

Tt A similar result was found in the case of the nit 
mixtures (see Phil. Trans. Roy. Soc., A, vol. cexi, page 381), 








t See Phil. Trans. Roy. Soc., A, vol. ccxi, page 410, 
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1,900 deg. C. (absolute)—i.e., one-fifth second after 
ignition—in the case of CO, mixture containing 
20-7 per cent. coal gas; and in the case of the 
mixture containing 15 per cent. of coal-gas and 
58-6 per cent. CO, it appeared to be going on until 
the gas temperature fell to about 1,650 deg. C, 
(absolute)—i.e., about one-quarter second after 
ignition. After these temperatures the CO, mix- 
tures appear to have attained more or less to 
equilibrium conditions, and the radiation then 
emitted is only a very little greater than that given 
out by the nitrogen mixtures after they have fallen 
to the same temperatures—although they contain 
very much more radiating gas than the nitrogen 
mixtures. This indicates that the CO, mixtures at 
these temperatures are much less transparent than 
the nitrogen mixtures to radiation of the same kind 
as they emit. 

10. It will be remembered that the mixtures 
containing 15 per cent. of coal-gas and 65-3 per cent. 
CO, gave pressure curves in which the maximum 
pressure remained practically constant over a long 
period of time (nearly 0-5 second). The radiation 
and intrinsic radiance curves for this mixture are 
interesting and in Fig. 6 these curves are given for 
a period of 1 second after ignition. From the 
intrinsic radiance curves (dotted in Fig. 6) it will be 
seen that the rate of emission is a maximum some 
considerable time before the attainment of maximum 
pressure and, further, that the rate of emission is 
greater in the earlier stages of the period of maxi- 
mum pressure than in the later, although throughout 
this period the mean gas temperature is practically 
constant. 

During the period of constant maximum pressure 
or gas temperature the rate of development of 
pressure or translational energy was just balanced 
by the heat loss to the walls of the containing 
cylinder. The loss of heat by radiation alone 
during this period is of the order of 10 per cent. 
of the total heat of combustion of the coal-gas 
originally present in the vessel* and in addition to 
this loss of heat by conduction is proceeding. The 
total heat loss during this period is therefore very 
considerablet and there must be a conversion of 
energy into pressure or translational energy going 
on in considerable volume. Indications are that 
this is mainly a conversion from chemical energy. 

In this connection an experiment which the 
author madet with this mixture in a glass tube is 
of considerable interest. The glass tube was about 
4 in. in diameter and about 5 ft. long, and the 
mixture after being introduced into this tube was 
ignited by a spark at one end. Ignition took place 
immediately, and a bluish flame rushed rapidly along 
the tube until it came to within about 6 in. or 9 in. 
of the other end, when it appeared to die out 
more or less. The interpretation of this would 
appear to be that chemical activity proceeded 
at first with considerable vigour, but that in the 
final stages combustion proceeded so slowly that it 
was unaccompanied by the emission of luminous 
radiation in sufficient quantity to affect the eye. 
It would seem probable that the slow combustion 
stage in the glass tube coincided more or less with 
the period of constant maximum pressure in the 
cast-iron explosion vessel. 

11. Summary and Conclusions.—These experi- 
ments show clearly that inflammable mixtures of 
coal-gas and oxygen produce far lower pressures 
on explosion when they are mixed with CO, than 
when they are mixed with nitrogen as a diluting 
gas. They also show that CO, has a marked 
influence in slowing down the rate of combustion. 
It is highly probable that the CO, slows down the 
rate of /»rning to such an extent that a considerable 
fraction is still unburnt at the moment of maximum 
pregsure.§ This, in conjunction with the high 
volumetric heat of CO, at high temperatures, appears 





* The total heat of combustion of the coal-gas originally 
ane in this mixture was about 16,400 calories: the 
of heat by radiation during this period is therefore of 

the order of 1,640 calories. 

t It may amount to as much as 20 per cent., or even 
more, of the heat of combustion of the coal-gas originally 
Poth —_ in the vessel. 

is experiment was suggested to the author by the 
Aate Professor B. Hopkinson. . 
§ At any rate, when CO» is present in large quantities. 





to be mainly responsible for the lower pressures 
produced in the CO, mixtures. 

12. These experiments seem to indicate the 
importance of reducing the proportion of products 
of combustion in the charge of an internal-com- 
bustion engine to the minimum possible. This 
is all the more important in the case of an engine 
which is worked on mixtures of moderate strength. 
An engine worked on mixtures of moderate strength 
gives a higher thermal efficiency than when 
worked on strong mixtures ; but with such mixtures 
there is the disadvantage of comparatively slow 
burning, and the effect of the presence of products 
of combustion would be to slow down the rate of 
burning still more as well as tend to reduce the 
pressures developed.* It should be borne in mind, 
however, that these experiments were made with 
mixtures containing CO, in far larger proportion 
than are ever met with in a gas engine, and the 
presence of products of combustion in an engine 
cylinder will therefore not affect the pressures and 
the rate of burning to the extent indicated in these 
experiments 

13. As has been pointed out in §2 these experi- 
ments were undertaken in order to determine whether 
the presence of a gas like CO, which absorbs radiation 
of the kind emitted by an exploded mixture of coal- 
gas and air would check the large loss of heat which 
goes on by radiation. It was found that although 
the total emission was reduced such reduction was 
entirely due to the lower gas temperatures developed 
on explosion. Indeed, when the rates of emission 
from the CO, and the nitrogen mixtures are com- 
pared at the same gas temperatures the emission 
from the former in the final stages of explosion 
and in the initial stages of cooling} is far greater 
than that from the latter. 

These experiments seem to indicate that the 
vibratory degrees of freedom of the inert CO, 
molecules very rapidly absorb energy from the 
freshly-formed molecules which are known to possess 
at the moment of formation a considerable excess of 
vibratory energy over and above the amount which 
they would possess under equilibrium conditions 
corresponding to the gas temperature.{ Probably 
energy is given to the vibratory degrees of freedom 
of the inert CO, molecules during collision with the 
freshly-formed molecules as well as by the absorption 
of radiation emitted by these molecules. Such a 
hypothesis would throw considerable light on the 
reasons for the slower rate of development of pressure 
in the gaseous mixtures diluted with CO,. 





BURNT EARTH CONCRETE, WITH IRON 
AND WOOD REINFORCEMENT. 


By L. P. Hopes, Assoc.M.Inst.C.E. 


THE substitution of burnt earth for stone in 
concrete has no doubt received some attention 
in alluvial countries where stone is scarce and 
transport costly, but engineering literature contains 
very little, if any, information on the subject. 
The same remark applies to “‘ligno”’ concrete, 1.e., 
that in which wood is substituted for iron rein- 
forcement. An article on “Some Tests on Ligno 
Concrete,” by C. A. M. Smith, M.Sc., in ENGINEER- 
tna of December 16, 1910, drew attention to its 
possibilities, but as long as iron and mild steel were 
easily obtainable at fair prices, engineers preferred 
to use them in preference to wood. Owing, how- 
ever to the large increase in the cost of imported 
metal due to the war, and to the difficulty of getting 
it, ligno concrete is now likely to come to the fore 
where conditions are favourable to its em ployment. 
The author ventures therefore to hope that the 
following tests of burnt earth concrete beams with 
both iron and wood reinforcement, and their success- 
ful employment in piles and abutment slabs, will 
be of practical assistance to those whe may be 
desirous of employing similar materials. 

Burnt Earth Concrete.—The earth burnt in British 


*If, as often happens, the products of combustion 
contain a fraction of uncombined gas, this statement will 
obviously require amendment. 

t This, of course, is the most important epoch from 
the gas engine point of view, for it is mainly in this epoch 
that the heat loss occurs. 

See Phil. Trans. Roy. Soc., A, vol. ccxi, page 381. 


Guiana is generally the ordinary coast alluvium, 
the surface analysis of which is as follows compared 


with London brick clay :— 
London 
Constituents. Demerara Brick 
y- Clay. 
Silica crystalised . 19-648 49-5 
Silica combined 34-728 34-3 
Alluvium 11-950 7-7, 


For reinforced concrete only clinkers were used, 
and after breaking they were screened through a 
l-in. mesh and retained on a }-in. mesh, being 
thoroughly washed during the retention screening. 
The mixture was 1:2:4. The Portland cement 
used throughout was supplied to British standard 
specification. Sufficient for 12 neat briquettes 
was taken from three barrels. 
The average breaking stress at 6 days was 
428-5 lb. and at 28 days 508-5 lb. The average 
increase was, therefore, 18-7 per cent., or slightly 
under the 20 per cent. required by standard. 
Assumed Resistance to Compression.—As the 
bridges for which these experiments were under- 
taken were urgently required, it was desirable to test 
the beams not more than seven days after casting. 
To determine the probable ultimate compression 
of the burnt earth concrete at that time, so as to 
approximately apportion the material in the test 
beams, the author employed the formula deduced 
by Mr. Edwin Thatcher from his experiments for 
Mr. George A. Kimball, chief engineer of the Boston 
Electric Railway Company (‘‘Trautwine,” nine- 
teenth edition, page 1106, paragraph 35). 
S=M-—Nx 
where : 
S = ultimate compressive strength in pounds per 
square inch. 


X = number of parts of sand to 1 of cement. 
M and N = values as below : 


Age 7 Days. 1 Month. 3 Months. 6 Months. 
M = 1,800 3,100 3,820 4,900 
N= 200 350 460 600 


The concrete being 1:2: 4. 

S = 1,800 — (200 x 2) = 1,400 lb. per square 
inch. The author decided to limit the safe stress at 
7 days to 300 lb. per square inch = F of §, 4%. 
Iron Reinforcement.—This consisted of unmarked 
rod iron, marked rods being unobtainable owing 
to the war. Its safe tensile strength was assumed 
throughout as not exceeding 5 tons per square inch. 
Wood Reinforcement.—This was our indigenous 
greenheart (Nectandra redioci) of which the ultimate 
resistance to tension is stated to be for ordinary 
quality, 8,800 lb. per square inch. (Rivington’s 
“Notes on Building Construction,” Part IV. 
Table I.) Its safe tensile stress was assumed at 
one-fifth = 1,760 lb. per square inch. The ratio 
of substitution became therefore : 


Lb. 
Iron per square inch 5 tons... = 11,200_ 6-4 
Greenheart per square inch = 1,760 


The first experiments were made with sawn scantling 
which had not been scaked in water. Surface cracks 
developed in every case and thence, save in Experi- 
ment B, the wood reinforcement was immersed 
for 24 hours immediately before the beam was cast. 
The increase of weight due to absorption was as 
follows :— 


Absorption of Water by Sawn Greenheart in 24 Hours. 








2 hs ; 
Se | 2 est 
Dimensions of =< << gz = ries : 
Specimen. 43 = = es eset 
SP So = £ S FD 
eI <5 oh t .< oe 
BE | BE | && |<kce 
12 ft. by 3 in. by 2 in. Lb. Lb Lb. 
(used in experiment 
dD oe ee --| 31-0 33-5 8-06 0-248 
Two pieces, each 5 ft. 
by 2 in. by 1 in. (used sf i 
in experiment F) ae 8-0 9-5 18-75 0-298 
Three pieces, each 5 ft. 
by 2 in. by 4 in. (used , 
in experiment H) ee 6-5 9-0 38-46 0-399 

















From the above table it is evident that, as might 
be expected, the absorption of small sections very 
much exceeds that of large ones, being governed 
very largely by the surface area immersed. 

Tests.—T wo piles, two beams and four concrete 
planks having been designed in accordance with the 





preceding data, of ferro concrete and ligno concrete, 
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respectively, were tested as beams, with the results 
shown graphically on the accompanying diagram. 
The following is a digest of the tests, the diagram 
being lettered to correspond. 
Digest oF EXPERIMENTAL TESTS. 

(ConcRETE oF Burnt Eartu 1 : 2: 4 THROUGHOUT.) 

A. Ferro Concrete Pile—A pile, 25 ft. long by 
12 in. by 12 in., reinforced with five rods of }-in. 
round iron, was supported at 10 ft. clear span, eight 
days after casting, and loaded with a distributed 
load up to 7,749 lb., or about half its estimated 
distributed safe load at that time, regarded as a 
continuous beam. It stood this test without taking 


(A)FERRO CONCRETE PILE TESTED 
AS A BEAM,ENDS SUPPORTED AT 
10:0° SPAN;8 DAYS AFTER CASTING. 





(B) LIGNO CONCRETE PILE TESTED 
AS A BEAM;ENDS SUPPORTED AT 
10'0° SPAN;8 DAYS AFTER CASTING 








Deflection Line under £2, , Inches 


0-00 





Load Line 


Deflection Line under 


12 ft. by 6 in. by 6in., reinforced with two § in. 
rods, was tested at seven days, ends supported, 
at 10 ft. span. The safe distributed load of this 
beam was calculated at 1,371 lb. at that time. 
It collapsed under 2,249 lb., the tension rods 
being reduced by about x in. diameter. 

D. Ligno Concrete Beam.—A similar beam, but 
reinforced with a 3-in. by 2-in. greenheart scantling, 
collapsed under 2,039 Ib., by tle failure of the 
reinforcement in tension. This beam failed with 
only 10 per cent. Jess load than its ferro concrete 
competitor. 

E. 3-in. Ferro Concrete Plank.—A ferro concrete 
plank, 12 in. by 3 in., reinforced with five rods of 





Inches LOAD 7 DAYS AFTER CASTING. 


Practical Tests.—Seventy-two of the piles shown 
in the diagram (71 of ferro concrete and 1 of ligno 
concrete) were driven about 17 ft. through clay after 
one month from casting. None failed, or had to be 
re-cast, save the first experimental ligno concrete 
pile previously referred to. There are nine such 
piles in each bridge abutment (vide abutment plan), 
and they carry a maximum motor load of 2 tons 
per axle on an 8-ft. wheel base, over a matimum 
span of 22ft. They were driven with an 18-cwt. ram, 
the tops being protected by a canvas pillow, 10 in. 
square by 4 in. deep, stuffed with sawdust, upon 
which was superposed a hardwood dolly, 18 in. 
long by 12 in. by 12 in., to take the impact. 


(C) FERRO CONCRETE BEAM 6x6, REINFORCEMENT 2 RODS OF 
5¢ DIA. ROUND IRON;LENGTH 12'0; ENDS SUPPORTED AT 10:0" 7} 
CLEAR SPAN, TESTED TO DESTRUCTION BY A DISTRIBUTED 











(E) FERRO CONCRETE PLANK 12x3;TESTED AS A BEAM, ONE END SUPPORTED, 
OTHER END CONTINUOUS, AT 3'0 SPAN. DISTRIBUTED LOAD AT 7 DAYS 


AFTER CASTING. 
Line of D 
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(d) No Permanent Set 


(F)LIGNO CONCRETE PLANK 123° TESTED TO DESTRUCTION 
AS A BEAM,ONE END SUPPORTED, OTHER END CONTINUOUS 
AT 3:0 SPAN. DISTRIBUTED LOAD AT IODAYS AFTER CASTING. 
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(D) LIGNO CONCRETE BEAM 6x6 REINFORCEMENT | BAR OF GREENHEART 
3x 2,LENGTH (2:0;ENDS SUPPORTED AT 10'0 CLEAR SPAN; TESTED TO 
DESTRUCTION BY A DISTRIBUTED LOAD /6 DAYS AFTER CASTING. 
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a permanent set (see diagram A), and was subse- 
quently transported 8 miles by dray, and success- 
fully driven a month after casting. 

B. Ligno Concrete Pile——A similar pile, but 
reinforced with two bars of 2 in. by 2 in., and two 
bars of 2 in. by 3 in. greenheart in lieu of iron, was 
similarly supported and loaded at eight days, up 
to 7,755 lb., or about half its estimated distributed 
safe load at that time, regarded as a continuous 
beam, remaining thereunder for three weeks. 
Slight cracks appeared after loading, due probably 
to the greenheart not having been immersed before 
being placed in the concrete, but all deflection 
(lisa ppeared on removal of theload. Unfortunately, 
this pile was allowed to project too far beyond the 
dray during transit, end the elasticity of the green- 
heart, aided probably by lack of adhesion, due to the 
cause already stated, caused it to crack up in trans- 
port. A fresh pile was cast in situ, utilising the 
Same reinforcement after soaking it in water for 
+4 hours, and it drove as well, and is continuing to 
Zive as satisfactory results, as the ferro concrete ones. 
C. Ferro Concrete Beam.—A ferro concrete beam, 
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failed successwely until Bean collapsed. 
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} in. diameter, and loaded as a beam, one end 
supported, the other continuous, at 3 ft. span, bore 
1,657 lb. distributed, at seven days, without per- 
manent set. (Estimated D.S.L. at that time 1,512 
Ib.) 

F. 3-in. Ligno Concrete Plank.—A similar plank, 
but reinforced with two laths of 2-in. by 1-in. 
greenheart, similarly supported at the same span, 
broke with a distributed Joad of 2,627 lb., at ten 
days, owing to the failure of the reinforcement. 
(Estimated D.S8.L. at that time 1,955 Ib.) 

G. 2-in, Ferro Concrete Plank.—A ferro concrete 
plank, 12 in. by 2 in., reinforced with four rods of 
4 in. diameter and loaded as a beam one end, 
supported the other continuous, at 3 ft. span, bore 
605 lb. distributed at seven days without permanent 
set. (Estimated D.S.L. at that time 700 Ib.) 

H. 2-in. Ligno Concrete Plank.—A similar plank, 
but reinforced with two lathes of 2 in, by 4-in. 
greenheart, similarly supported, at the same span, 
broke with a distributed load of 1,432 Ib., at 








14 days, owing to the failure of the reinforcement. 
(Estimated D.S.L. at that time 733 Ib.) 
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The reinforced concrete at the back of the piles 
was cast as a 2-in. continuous slab, the spacing of 
the } in. diameter reinforcement lessening from 
3 in. centres at the bottom, where the average depth 
of clay to be sustained is 8 ft., to 6 in. at the top, 
where the maximum depth is about 2 ft. below the 
crown of the road surface. 

Conclusions.—From his experiments and practice 
the author arrives tentatively at the following 
conclusions :— 

1. Well burnt earth can be substituted for stone 
in concrete with safety and advantage when the 
cost of stone is prohibitive. 

2. Hard wood can be substituted for iron or steel 
reinforcement with advantage in fairly large 
sections when, as is the case in British Guiana at 
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present, the cost of iron is prohibitive. But in 
sections of small depth,the cost of converting the 
wood into thin strips, and the difficulty of so placing 
them as to get sufficient tension, and at the same 
time sufficient surface protection, outweigh its 
advantage. 

3. Wood so employed should be immersed in 
water for at least 24 hours immediately before being 
placed in the concrete. 

4. The most suitable wood having regard to its 
ultimate resistance to tension, and particularly to 
its uniformity, would appear to be greenheart (vide 
Rivington’s ‘‘ Notes on Building Construction,” 
Part IV, Table I), the available quantity of which 
in British Guiana will be inexhaustible for many 
years. 





HORIZONTAL HIGH - SPEED BORING, 
DRILLING, TAPPING, AND STUDDING 
MACHINE. 


Wiru the introduction of high-speed drills and taps, 
it is necessary to have machines to withstand the tear 
and wear of high speed and still retain their ease of 
manipulation. The machine illustrated above, con- 
structed by Messrs. G. and A. Harvey, Glasgow, is 
fitted up at the engine works of Messrs. Scotts’ Ship- 
building and Engineering Company, Limited, Greenock, 
The machine is of the horizontal type, and is capable of 
high-speed boring, drilling, tapping and studding. 
It is fitted with double columns, which are independent, 
and allow both spindles to be brought into action on 
one piece of work when necessary, or each spindle to 
be used on separate pieces. The machine is specially 
adapted for drilling and tapping, the double gear on 
the saddle being so arranged that the high speed for 
drilling is rapidly changed, to a slower and more 
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suitable speed for tapping, at the same time giving 
increased power; after reversing, the tap can be with- 
drawn at the higher speed if desired. Each of the 
spindles is 4 in. diameter, with a feed traverse of 3 ft. 
and a vertical range of 13 ft., while the extreme dis- 
tance between the spindles is 18 ft. 6in. The standards 
traverse on a sliding base 6 ft. 10} in. wide. Upon 
the work table which is 21 ft. in length by 9 ft., there 
is shown in the illustration the bottom half of one of 
the double reduction gear cases for a twin screw 
merchant liner, fitted with Brown-Curtis turbines at 
present being constructed by Scotts’ company. The 
operating gear for the machine comprises two motors 
of the B.T.H. type, variable speed, 15 h.p. each, for 
250 volts, D.C., with two starters of the Brooke-Hirst 
type. 








SWANSEA TINPLATE SHIPMENTS.—Last week’s ship- 
ments of tinplates from Swansea amounted to 22,22% 
tons as compared with 83,971 tons in the previous week, 
and 3,933 the corresponding week a year ago. The 
material received from works for the three weeks was 
77,931 tons, 54,818 tons and 9,186 tons. 


BreaD Baktne By Exectrrictry.—The Paris journal 
L’ Industrie Electrique gives information on the progress 
recently made in Switgerland ia the installation of bread 
baking ovens heated electrically, the current being 
generated by water-power. It quotes among other figures 
the following :—For baking 100 kilogrammes of bread, 
the coal consumption in the ordinary ovens is from 
35 to 50 kilogrammes, and 16k, in the large steam-heated 
ovens. The required electric energy for baking the same 
quantity is from 45 to 50 kilowatt-hours. 


THe DELLWIK-FLEISCHER TRIGAS PRocEss.—Some 
years ago the Dellwik-Fleischer Watergas Company, of 
Frankfurt, modified its furnaces for the combustion of 
bituminous coal in such a way that the blow was directed 
from the middle of the producer downward, and thus 
from the zone intermediate between distillation and gas- 
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making layers downward across a fire bridge and through 
the coking zone. The watergas produced in the lower 
layers was thus to be carried with sufficient heat into the 
coal above to gasify the volatile product, while the air 
was excluded. It had proved very difficult to maintain 
the desired high temperatures with indirect heating in a 
retort, and hence this direct heating was adopted ; but 
there was first trouble with smoke. The further object 
of this new “trigas”’ process was the production of a 
low-temperature tar and the recovery of the ammonia. 
The first trials on a somewhat large scale were made in 
Vienna with lignite in a plant of three producers, of an 
aggregate capacity of 150 cub. m. of gas per hour. 
Further experiments in a plant of ten times this capacity 
were then made by E. Dolensky, director of the com- 
pany, and by A. Pott, manager of Mathias Colliery, near 
Essen. When this latter plant was described in the 
Journal fiir Gasbeleuchtung of May 17 last, it had been 
running for eleven months, with one interruption at the 
end of the first five months for cleaning the furnace of 
clinker. Various fuels were used on revolving grates, 
comprising a coal with 11 per cent. of ashes and 5-5 per 
cent. of moisture, a lignite with 55 per cent. of water, 
peat, &c. The temperature was so regulated as to pro- 
duce a gas of about 3,000 kg. calories. The gas yield 
was then 1-8 cub. m. per kilogram of fuel, and the gas 
consisted of 51-5 per cent. of hydrogen, 5-5 per cent. of 
an ethane, 24 per cent. of CO, 13-3 per cent. of CO2, 
and less than } per cent. of oxygen and sulphur. When 
coal alone was used the calorific value of the coal rose 
to 3,875 calories, but the tar production was not s0 
satisfactory at the higher working temperature. The 
tar is described as port-wine red in colour, density 
1-04 per cent. at 15 deg. C. and as completely soluble 
in benzene. It is free of naphthalene, contains about 
40 per cent. of phenols and rosin, and can yield (on dis- 
tillation in vacuo) 27 per cent. of spindle oil, 32-5 per 
cent. of heavier lubricating oil, 33 per cent. of solid 
paraffin and 26 per cent. of pitite. A mixture of coal 
and 25 per cent. of lignite gave 6 per cent. of this low- 
temperature tar. The results are regarded as very satis- 
factory, though there is still trouble sometimes with the 
caking of the fuel, and it is hoped that the problem of 
using bituminous coal in watergas generators has been 
solved after many years of experimenting. 
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THE ENGINE OF THE STE 





AMER “CLAREMONT,” 1803. 





In connection with the James Watt Centenary to be 
celebrated this month the annexed reproduction of a 
photograph of the original drawing of the engine of the 
Claremont constructed by Boulton and Watt in 1803, 
will be examined with interest. 

The Claremont was a steamer constructed by Robert 
Fulton for running on the East Hudson River between 
New York and Albany. The engine was ordered by 
him from Boulton and Watt, and the drawing 
which we reproduce appears to be one which was sent 
to Watt by Fulton with his comments and instructions. 
The writing is quite plain in the photograph, but is 
not legible in our half-tone block, and we therefore 
subjoin a copy of the notes written on the drawing. 
They are as follow :— 


Short note on left-hand side of drawing : 

“In this engine the valve to regulate the motion by 
diminishing the passage of the steam to the condenser 
is not necessary. Hence I have designed the tube A 
as making part of the lower steam box.” 


Note on right-hand side of drawing : 

“Tt is desired to have a cylinder of a 24 horse-power 
with a stroke of four feet, as the particular use for which 
this engine is intended will not admit of the condenser 
standing under the cylinder, I hope there is no ob- 
jection to placing it aside the air pump, as in this 
sketch. The square which is formed on the bottom of 
the cylinder and which is to be its support to be pre- 
served as near the dimensions delineated as possible. 
The distance from the centre of the cylinder to the 
centre of the condenser, 30 inches, and the distance 
from the centre of the condenser to the centre of the 
air pump, 37 inches. Also the 46 inches from the 
bottom of the cylinder to the bottom of the condenser 
to be observed if it is not attended with any incon- 
venience or detriment to the working of engine. This 
drawing is made by a scale of one inch to a foot. The 
air pump has a stroke of 2 feet. This quantity of 
movement and these proportions are fitted to the 
composition of the other parts of the machinery.” 

“I submit them to your better judgment, begging 
only that they may be preserved as near as possible 
without diminishing the power of the machine.” 

August 6th, 1803, 
(sd) Ropert Futon. 





‘Tippep Toots: Erratum.—In the paragraph dealing 
with “ Fluxio” welding compound for tipped tools, 
which appeared on page 277 of our last issue, there was 
@ small printer’s error which should be corrected. It 
was stated that the shank of a tool required to be covered 
on the tip seat with a layer of compound 1} in. thick. 
This should read ty (one-twelfth) of an inch. 


INDUSTRIAL NOTES. 


Mr. M. O. Lzicuton, Chairman of the Engineers, 
Architects and Constructors’ Conference on National 
Public Works, writing from Washington to the Editor 
of Engineering News-Record, New York, says he heard 
something about engineers the other day from a great 
man—an acknowledged statesman, a high-minded 
politician and a keen observer of people and events. 
| His name, if he were permitted to tell it, would surprise 
|every reader. The talk was about the project for a 
| National Department of Public Works, and the states- 
man’s words were as follows :— 
| ‘“* Your task is appalling. You have been elected to 
lead engineers into a political reform. They are the 
|most unresponsive citizens that we have. Your 
organisation has a praiseworthy purpose, but if it were 
sponsored by almost any other group of reputable 
| men than engineers there would be more promise of 
success. If your organisation succeeds, I believe you 
will find that it will not be the engineers who have 
carried it through. Their aloofness and indifference to 
all matters outside their own professional sphere are 
among the unexplainable things in our political life.” 

Mr. Leighton adds in his comments that the state- 
ment hurt. He questions how many other public men 
have the same opinions. As it came from a high 
authority not given to loose talk, it seemed wise, he 
concludes, to pass it on. 

We should advise Mr. Leighton to take the statement 
in question as a compliment to engineers. The states- 
man he interviewed cannot but recognise that any one 
engineer or metallurgist has done greater service to the 
world than hosts of politicians, and he may be some- 
what jealous at the engineers’ achievements. The 
profession of an engineer absorbs him so completely 
that he has no leisure to devote to politics and to mere 
talk. On the other hand, if engineers could: set apart 
a portion of their long day, and we say “long day” 
advisedly, to deal with '‘‘ our political life,” then that 
life would be greatly improved and more real work 
would be done. 


We read in Revue du Travail, Brussels, that the 
50-hour week commenced to be followed on August 1 ; 
on March 31, 1920, the week will be of 48 hours. 








The monthly report dated August 12, issued by the 
Steam Engine Makers’ Society, gives the membership 


as 28,000 and the capital as 290,0001.. The report says | . 


there is every sign of war within the country itself, a 
condition which ought not to be, and will not prevail if 
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to the task and fully realises his own personal responsi- 
bility. 








The Court of Arbitration issued last week its awards 
in a reference by the North-West Engineering Trades 
Employers’ Association, the Clyde Shipbuilders’ Asso- 
ciation, the Scottish Brass Founders and Finishers 
Employers’ Association, the Scottish Coppersmith 
Employers’ Association, and the Federation of Engin- 
eering and Shipbuilding Trades, Clyde District Com- 
mittee. The questions dealt with arose out of the 
award No. 2045, August 8, 1918, of the Committee on 
Production, engineering and shipbuilding trades, Clyde 
district, on working rules and submarine allowances. 
The award of the Court, on the claims that piece- 
workers who have worked overtime until 2 a.m. ought 
to be paid, until the usual stopping time in the morning, 
their average earnings on piecework in addition to 
overtime allowance, is that a pieceworker is to be 
paid, in addition to his actual piecework earnings, an 
allowance of one-half ordinary time rate for the hours 
actually worked, and ordinary time rate plus 50 per 
cent. for the remaining hours. If a day shift employee 
has commenced work he is entitled, if sent home and 
asked to return to work the same night on night shift, 
to receive payment for the first night at overtime 
rates. 

The other awards of the Court regulate the allow- 
ances for repair or dirty work, and work on oil ships. 
The further findings of the Court are to the effect 
that a submarine is ‘near completion’’ when the 
batteries have been installed and are ready for charging. 
and as “‘ closed in *’ when the shell has been completed. 
Electricians actually engaged on main motor trials in 
the main motor compartment are to receive 2s. 6d. 
extra per trial, and other tradesmen actually engaged 
on their own work in the main motor compartment in 
course of the trials are to receive ls. 6d. extra per trial, 
whether the vessel is running or moored. 

An oil, ship is a vessel constructed for carrying oil 
as cargo in bulk. An ordinary tramp steamer carrying 
oil in her double bottom as fuel is not to be considered 
an oil ship, but in the event of a ship of this descrip- 
tion coming in for repair, having carried oil in her 
double bottom for fuel purposes, men engaged on repairs 
of the ship’s double bottom are to be paid oil ship's 
allowances while working in the double bottom, or 
that part of it where oil has been carried, including 
shell and tank tops. 

The appropriate outworking allowances are to be 
paid to apprentices, and red leaders are to receive the 
allowance for “ dirty’? work. On the claim that, in 
addition to the outworking allowances, the men con- 
cerned are entitled to train fares, the Court made no 
order, as it did not consider the matter to be one of 
interpretation of award No. 2045. 





In a recent speech on his return from a. visit to 
several important United States shipbuilding yards, 
including the vast Hog Island establishment, Sir Joseph 
Davies, K.B.E., the well-known South Wales financier, 
said at the annual general meeting of the shareholders 
of Messrs. J. Samuel White and Co., Limited, Cowes, 
I.W.: ‘I should like to mention one thing in regard 
to America, where I have had the opportunity of 
seeing the shipbuilding there, the old yards and the 
new yards, and that is that I have come back satisfied 
that we can always hold our own in shipbuilding, unless 
a great change is brought about on the other side.” 





The South Wales Coal Conciliation Board at Cardiff, 
says The Yorkshire Post, have straightened out some 
complications which had arisen in connection with 
the agreed addition of 14-2 per cent. to piece workers’ 
rates in compensation for the shorter working day. 
The workmen alleged that the owners were not carrying 
out the spirit of the award inasmuch as they were 
not paying the increased percentages on allowances 
to make up the minimum wage; that is to say, the 
14-2 is added to all the items on the price list, but 
when allowances are made to a workman to bring him 
up to the minimum, the perceptage is not added, and 
the workmen's representatives argued that it should be, 
because the men working below the minimum work as 
hard as do those paid above. After a long discussion, 
an amicable settlement was reached on the following 
formula :— 

1. All allowances to piece workers on minimum wage 
are to be subjected to the addition of 14-2, but the 
allowances should be adjusted in such a way that, 
with the addition of the 14°2, there is no increase in 
wages. 

2. If the earnings of a piece worker plus the 142 are 
more than the minimum wage, he is entitled’to the 
excess. 

The Executive of the Miners’ Federation of Great 
Britain met last Tuesday in London to consider the 





every bona fide and honest workman puts his shoulder 


situation created by the Government’s scheme in 
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regard to the nationalisation of mines. At the close 
of the meeting, which was presided over by Mr. Robert 
Smillie, Mr. Frank Hodges, general secretary of the 
Federation, issued the following statement :— 

The Executive met mainly to discuss the decision 
of the Government with reference to the Majority 
report of the Coal Commission. 

After a full discussion, the following resolution was 

“* Being convinced that the Government’s scheme 
is wholly impracticable for the future working of the 
mines, the Executive Committee recommends the 
conference of miners’ delegates to reject the Govern- 
ment scheme, and records its regret that the Govern- 
ment has no better scheme than the creation of great 
Trusts to secure the economic well-being of industry. 

“We are convinced that the only way to place the 
industry upon a scientific basis for the purpose of 
giving the advantage of a maximum production to 
the community consistent with the maximum economic 
and social well-being of the miners is at once to intro- 
duce the scheme of nationalisation recommended by the 
Majority of the Coal Industry Commission. 

“We do not at this stage recommend the miners 
to take industrial action to secure the adoption of the 
Coal Commission Report, but we invite the Trades 
Union Congress to declare that the fullest and most 
effective action be taken to secure that the Government 
shall adopt the Majority report of the Commission 
as to the future governance of the industry.” 

Mr. Hodges added that the resolution would be 
brought before the conference of delegates on the 
following day (last Wednesday), as a recommendation 
from the Executive, and the discussion would be open 
to the Press. 

The Government's scheme referred to includes the 
purchase of mineral rights by the State; the amalga- 
mation of mines in defined areas, with a view to reduce 
the cost of management and waste; the mines so 
amalgamated to be controlled by committees contain- 
ing representatives appointed by the miners; the 
mines to be overlooked by the State in the interest 
of the community ; the raising of funds for improving 
the housing of miners. 

These conditions, it will be seen, were rejected at 
Tuesday's meeting, and insistence was laid upon the 
introduction of nationalisation on the lines of the 
Majority report of the Sankey Commission. 

At Wednesday’s special meeting of the Miners’ 
Federation held in London the Government’s scheme 
was rejected and the complete nationalieation of the 
mines was insisted upon, the meeting carrying unani- 
mously the above resolution passed at Tuesday’s 
meeting. 

The Board of Trade has now issued a statement on 
the weekly coal output, from which we take the 
following figures:—For the week ending May 31, 
4,812,595 tons ; for the weeks ending July 19, July 26, 
August 2 and August 9, 3,893,652 tons, 2,537,954 tons, 
3,614,776 tons, and 2,642,895 tons respectively. 





As from last Monday, the Ist inst., the restrictions 
on imports, which had been in force during the war, 
ceased to be applicable, and all nations can now send 
their products to the United Kingdom, apart from 
goods in scheduled key-industries. Among the pro- 
tected exceptions are dyes, drugs, photographic 
chemicals, saccharin, optical, scientific and illuminating 
glass, optical and scientific instruments, gas mantles, 
magnetos and gauges. 

Many trades throughout the country are apprehensive 
at the keen competition that will ensue. 





Prersonat.—Mr. R. C. Atkinson, Assoc.M.Inst.C.E., 
A.M.1.E.E., A.M.1.Mech.E., who has for the last seven 
years held the appointment of superintendent of- the 
Power Station Construction Department of the York- 
shire Electric Power Company, has joined the firm of 
E. L. Thorp and Co. (late Shepherd and Watney), con- 
sulting engineers, of 32, Greek Street Chambers, Leeds. 
The firm will in future practice under the title of Thor; 
and Atkinson, at the «same address.—Messrs. C. p. 
Sandberg inform us that on and after September 4, 
1919, their London address will be , Grosvenor- 
gardens, London, 8.W.1. The cable and telegraphic 
address will remain as above, but the telephone numbers 
will be Victoria 6877, 6878 and 6879.—Messrs. John I. 
Thornycroft and Co., Limited, inform us that Mr. John 
Smith, late of Messrs. J. Samuel White and Co., Limited 
Cowes, has been appointed a Technical Director of this 
company, and General Manager of the shipbuilding and 


ship ge work at Southampton, in the place of the 
late Mr. Callaway.—Mr. C. L. Faulkner, Director of 
Messrs. Bolling and Lowe, Limited, 2, Laurence 


Pountmey Hill, E.C.4, informs us that Mr. L. Reincke, 
who had been a principal in the business for 38 years, 
has retired, and his entire interests have been taken over 
by Mr. Alistair Doughty, late of Liverpool.—The Bright- 
side Foundry and Engineering Company, Limited, Shef- 
field, inform us that they have opened a branch office at 
29, St. Mary-street, Cardiff, and also at 14, Dale-street, 
Liverpool. 


UNIVERSITY MATHEMATICS FOR 
ENGINEERS. 
To THe Eprror oF ENGINEERING. 

Srr,—With reference to the letter from your corre- 
spondent under “ University Mathematics for Engineers ” 
in your issue of the 15th inst., I think he is somewhat 
mistaken in his assertion that English engineers are mis- 
informed as to the meaning of V in cosh V, sinh V, &c., 
and that the only fount of knowledge is to be found 
somewhere not in England. 

He says, referring to the analogy between the circular 
and hyperbolic functions, “‘ but they frequently leave 
the Pre emi to make the erroneous inference that the V 
in sinh V is numerically equal to the length of the corre- 
sponding hyperbolic arc, just as the V in sin V is the 
length of the circular arc.” 

Now the V in sin V is only equal to the length of the 
circular are when the radius of the circle is unity. 

3 
Se and in the circle this is 
t) 


What it really is, is 


8 

equal to . ds = *, because in the circle the radius 
r 
is constant. . 

Your correspondent has chosen a particular case for 
his illustration of the hyperbola and has thus obtained 
a result which is somewhat misleading. 

Let us apply the method of obtaining the V in sin V 
to the most general case of a rectangular hyperbola of 
which the abscissa is the axis, t.¢., 22 — y2 


4 
Let V = de. where r is the radius of the hyper- 
r 


bola (i.e., the distance from the origin to a point on the 
curve) and we suppose the radius vector to start from the 
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If we now denote by 2 the abscissa of any point on the 
hyperbolic are 
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Now in the circle of radius r, = cos V where V is the 


corresponding angle, there is therefore a complete 
analogy between the hyperbolic and trigonometric 
functions in their relation to the hyperbola and circle 
respectively. 

imilarly it may be shown that in the hyperbola 
sinh V = % 


corresponding to sin V = 4 in the circle. 


r 

Also the area of a circular sector is $ r2 V where r and 
V are radius and angle respectively, in the hyperbola the 
area of the hyperbolic sector between any radius vector 
(dealing with the first quadrant only for simplicity) and 
the arc, and the abscissa is } a2 V where V is the distance 


from origin to vertex and V is log, e+ J/2—@. 
a 

Of course when ¢ and a are each unity, as in the 
examples chosen by your correspondent, the respective 
areas are each } V ; but this is a mere coincidence, and 
quite obscures the very striking analogy between the 
hyperbolic and circular functions. 

have taken the liberty of writing the above because 

students would be led to believe by your correspondent 
that there was no such connection between the hyper- 
bola and hyperbolic functions as there is between the 
circle and the circular functions, whilst in fact the analogy 
is most remarkable. 

In conclusion, I may say that the derivation of the 
hyperbolic functions given above is very ably demon- 
strated in a small book on the Differential and Integral 








Calculus, by Edwin Edser, A.R.C.S., F.Ph.S., published 





in 1901, so I am quite at a loss to understand where 
your co mdent got his opinion of the abysmal 
ignorance of English writers and teachers on this par- 
ticular subject. 
Yours faithfully, 
Ws. Huaues. 
50, Bellevue-road, Southampton, August 31, 1919. 





THE PATENT OFFICE LIBRARY. 
To THE Eprror oF ENGINEERING. 

Srr,—In pre-war times the Patent Office Library, one 
of the best in its line, was probably unique in one 
respect: it was open every weekday from 10 a.m. to 
10 p.m. That enabled busy people to keep up in tech- 
nical literature and to continue their studies after office 
and coll hours, and the facilities were greatly appre- 
ciated. main war has come to an end. Most of 
the publications which were not available during the 
war can again be consulted. The replenished s are 
as obliging as ever. But the Library still closes at 
5 p.m., and the hours are only to be extended to 8 p.m., 
it appears. That is a concession to economy of question- 
able value, I venture to submit. Old readers will re- 
member how the Library, after a temporary rush about 
6 p.m., when people looked in on their way home, re- 
mained almost deserted till nearly 8 p.m. To busy 
~— the late evening hours were the most valuable. 

conomy is, of course, imperative. But the restriction 
cripples the utility of one of the most widely useful 
public institutions, and very little is probably saved by 
it. 





Respectfully yours, 
“ READER.” 





AIRCRAFT CONSTRUCTION IN HOLLAND. 
To THe Epitror or ENGINEERING. 

Sir,—I feel obliged to draw your attention to the 
wrong information you got from the London and China 
Telegraph about the aircraft exhibition in Amsterdam, 
which is communicated in your issue of Friday, July 25, 
1919. In Holland are two aeroplane factories, one is 
named “ Trompenburg’”’ in Amsterdam, and the other 
*“* van Berkel” in Rotterdam, while a third is in course 
of construction, and is intended to be managed by 
Fokker. Hoping you will publish this correction in 
your next issue. 

I am, Sir, 
A. C. METZELAAR, 
Technical Service, Royal Packet Steam 
Navigation Company, Scheepvaarthuis, 
Amsterdam. 
Amsterdam, August 28, 1919. 








THE SOCIAL STATUS OF OFFICERS OF THE 
PUBLIC WORKS IN INDIA. 
To THe Eprror or ENGINEERING. 

Sir,—It is very important for the recruit who joins 
Government service in a foreign country to know exactly 
what he is coming to. A large number of young men 
have accepted service in India with but the flimsiest 
notions of what the pay offered is worth or what are the 
social advantages or disadvantages of the service they 
choose. In England there prevails the: most fantastic 
ideas of the amenities of life in India, and none know 
of the unfortunate dissensions which are a canker in 
the social relations of the various services in the country. 

In past times India was a place where social amenities 
were an attraction to the youth of England who sought 
an outflow for their energies by enlisting in the services 
under the control of the Government of India. The 
legend still serves to lure and snare the unwary young 
men who live to curse the day they were foolish enough 
to come to India. 

The newness of things and the usual welcome extended 
to a fresh arrival, will serve to hoodwink him and to 
hinder him from making a correct valuation of his 
surroundings. Discretion comes with years, and when 
the scales drop from his eyes, it is generally too late to 
retract. The recruit of five years’ ago is becomin 
specialised in his branch, and the forfeiture of a perio 
of service for pension is not undertaken without con- 
siderable hesitation. If a man is married, it becomes 
exceedingly difficult for him to try fresh ventures. 

The salle services in India have a record of scrupulous 
devotion to duty which may well be envied by the ser- 
vices of many other countries, and not a little of the 
facility with which the wheels of the administration 
have revolved in the past has been due to the smooth 
relations between officials of social equality ready to 
co-operate. The above described blessed state of affairs 
has passed away, and the social status of the officers 
of the various departments is no longer what it used to be. 

The Government, which is in the hands of the Indian 
Civil Service, has by a gradual process subordinated 
the other departments, and they have now the pleasure 
arrogantly to look down upon the members of the other 
departments. Most of the remunerative posts which 
befell during the war were distributed by the Indian 
Civil Service amongst themselves. 

The difference between the Indian Civil Service and 
the other departments is not well realised in England ; 
for example, a resolution in Parliament standing on the 
goer on May 22, 1919, has the expression “ various 

uropean civil services in India.” 

An expression like this misleads, but it indicates the 
general idea in England of service in India. There is 
only one Indian Civil Service, the other branches or 
departments being the police, public works, education, 
forests, telegraphs, &c. : 

The prospects of the Indian Civil Service are used 
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advisedly to entice candidates to the other departments, 
and it cannot be too widely known among possible 
candidates to these other departments how great is the 
gulf whch separates the Indian Civil Service from the 
other de ments. 

The discrepancy between the rates of emoluments of 
officers of the same length of service amounts to 50 per 
cent. or over in favour of the I.C.S., and the more 
favourable leave allowances, large pension and famil 
pension, are such as to make the pay of the Indian civil 
servant much more to him than is correspondingly the 
pay of a member of the other departments. Such 
favourable preponderance of emoluments of one service 
has the result of isolating it; another result is the 
dissatisfaction of the other services at the preferential 
treatment accorded to the one. 

The officers of all the services are doing as much work, 
and equally good work, as the officers of the 1.C.S., and 
they deserve to be treated with equal consideration 
in their emoluments. The social status of the services 
would then be equalised, and the administration as a 
whole would be benefited. 

I am, Sir, yours truly, 
An Executive ENGINEER. 





AN INVESTIGATION OF THE FLOW OF 
WATER ENTERING A CANAL FROM A 
RIVER. 

To THE Epiror oF ENGINEERIVG. 

Sir,—The water entering a canal from a river is 
either controlled by a head sluice, or enters through an 
open head; the phenomenon usually met with in both 
cases is the formation of silt deposit in the form of a 
wedge, the deposit being greatest near the sluice and 
gradually decreasing to nothing a considerable distance 
down the canal. When the water enters the canal through 
a sluice there is another phenomenon, called “‘ Back- 
lash,” which occurs close to the sluice. The depth 
of the silt deposited in the shape of a wedge increases 
when the river is in flood, and decreases as the flood 
subsides. Allowing that the surface fall in the canal and 
the discharge through the head sluice are constant, the 
velocity of the water entering the canal will increase 
as the flood in the river rises. 

After the silt has been deposited, the wetted sectional 
area increases from the sluice down stream and the 
velocity, therefore, decreases as the wetted sectional 
area increases or, in other words, there is an excess of 
velocity above the normal canal velocity graduall 
decreasing in amount as the water flows down the poe | 

Actual velocity readings also seem to show that that 
is the case, as is shown by the following extract from 
Hydraulics, with Tables by Mr. E. 8. Bellasis, M.Inst.C.E., 
chapter VI, art. 13 :— 

“The results of over 100 discharges observed near 
the head of a large canal in India, = = arranged into 
groups according to the depth of silt in the canal, show 
the average value of N to be 0-025 when there is little 
or no silt, but 0-013 when the depth of silt is from 0-5 ft. 
upwards.” 

As it seems evident that there is an excess of velocity 
after a deposit has taken place, it is necessary to find 
the reason for the excess. The excess could hardly 
be caused by the deposit of silt, and the only other change 
of conditions is the increased velocity of the water en- 
tering the canal through the sluice, due to the flood in 
the river. It seems quite natural that the water enterin 
the canal at a higher velocity than the normal cana! 
velocity should create an excess of velocity in the canal, 
and that the excess velocity, thus caused, should gradually 
decrease as the water flowed along the canal. It is also 
natural that the excess of velocity would be greater 
when the velocity through the sluice is greater. In 
the absence of any other possible reason for the excess 
velocity in the canal, it may be safely said to be due to 
the excessive velocity through the sluice. 

Now suppose no silt was carried by the river water, 
there does not seem to be any reason why the water, 
entering the canal during a high flood, should flow in 
any manner different than if silt were mixed with 
the water; consequently the water would flow in the 
canal with a velocity in excess of the normal canal 
velocity, and this excess would gradually decrease as 
the water flowed down the canal. The water flowi 
with this excess of velocity cannot possibly fill the whole 

wetted sectional area, and naturally flows on the surface, 
as this is the path of least resistance. It would spread 
out on the surface until the banks prevented further 
spreading. The result of this action is that the whole 
wetted sectional area is not occupied by the main stream 
of water and is available for a deposit of silt, if the water 
entering the canal brings silt with it. 

It might seem, at first sight, that the wedge of water 
that occupies the between the main stream of 
water and the bed would flow down stream under the 
action of gravity, but the flow of the water will depend 
upon the which, according to Bernouilli’s 
theorem, will be least where the velocity is greatest, 
consequently there would be a tendency for the water 
to flow along the bed towards the sluice and a tendency 
for a return current close to the main current. This 
current is very slight, but its effects can be observed in 
clear water. 

It would take too much space to give in detail, reasons 
for the decrease of the excess of the velocity, caused by 
the water flowing at high velocity through the sluice, 
but the following may give a rough idea. The water 
entering through the sluice flows in non-sinuous motion, 
and when it spreads out on the surface and is contained 
by the sides of the canal, turbulent motion is set up, 
which is evident from the eddies or puffs that come to 

the surface. The force of the p’ 


resistance due to the turbulent motion de 
Surface fall and they start from the lowest 
Stream. As the depth of the stream is less near the 
Sluice, the puffs have a greater retarding force than if 
the stream filled the normal wetted area of the canal, 


ng | it was ho 


is that cause the 


—— on the 
ayers of the 


this excess of retarding power gradually decreases the 
velocity until it becomes the normal velocity of the 
canal. 

In the case of the silt wedge formed at the head of a 
canal taking off from the river, without a sluice at the 
head, the water enters the canal at the river velocity, 
which is greater than the canal velocity, and the deposit 
of silt is due to the same cause as in the case where the 
water is controlled by a head sluice. 

When the velocity of the water entering the canal 
decreases, the water will require a greater amount of 
the wetted area in which to flow, consequently, if silt 
has been deposited in the formerly unrequired portion 
of the wetted sectional area, the silt will become an 
obstruction to flow and will raise the surface or be washed 
away. It is known that a strong masonry work is re- 
quired to raise the surface of the water aeenent’y, 
as the raising of the surface causes scour, consequently 
the silt formerly deposited is gradually scoured out 
till the surface fall is the natural surface fall of the 
canal. This also shows that the silt cannot be deposited 
in the space occupied by the main current of water 
entering the canal, and gives a limit to the depth of silt 


that can be deposited in the shape of a bay as the silt 
even if deposited, could not remain there for any length 
of time the nature of the deposit was strong enough 


to resist the scour and raise the surface of the water 
permanently. 
It follows from the above that if the total width 
of the vents of the sluice is less than the mean width 
of the canal, there is every probability of the deposit 
of silt remaining in a less extent after the flood in the 
river has subsided. This is often found to be the case 
in practice. 
It also follows that when the canal takes off from a 
river without a weir in the river, even though there is 
no head sluice there will be a permanent wedge of silt, 
as the velocity of the water entering the canal must always 
greater than the normal canal velocity. This is 
found to be the case in practice. 
Before the water issuing from the sluice rises to the 
surface and flows in contact with the sides, there often 
occurs two whirlpools, one on each side of the main 
current. These whirlpools, which are commonly called 
‘** Backlash,” occupy the space not required by the main 
stream issuing from the sluice, and are caused by the 
reduced pressure consequent on the high velocity of the 
water issuing from the sluice. The pressure of the 
water at the sides being the normal pressure, the water 
rushes from the sides along the face or wings of the 
sluice to satisfy the reduced pressure caused by the water 
issuing at a high velocity from the sluice, this produces 
a whirlpool as the pressure is constantly being reduced, 
and can never be satisfied as long as the velocity of the 
water issuing from the sluice is above a certain amount. 
The velocity of the water forming the whirlpool will 
depend on the pressure at the place where the water 
issues from the sluice, which pressure, according to 
Bernouilli’s theorem, will decrease with the square of 
the velocity. The body of the water forming the whirl- 
pool is entirely separate from the body of water a 
from the sluice, the same water flowing round an 
round. 7 
I am, yours truly, 

L. L, WickHamM. 





Pusuiic Heatinc 1x Beruin.—A new scheme for 
supplying some public buildings of Berlin with heat, 
and also with warm water, was adopted in Berlin in 
July last. The warm water is to be derived from the ex- 
haust steam of the turbo-dynamos of the Berlin electricity 
works and from some coke-heated boilers, and is to enter 
the pipes superheated at a temperature of 120 deg. ©. ; 
the pipes are to be laid in concrete conduits along the 
streets, the pipe sections to be welded together and to 
be provided with stuffing-boxes and with sliding bear- 
ings. The distribution area is to have a radius of 2-5 
km., and to include some tenement houses. The con- 
tract has been given to the firm of Kérting A.G., and 
to start supply by next winter; the execu- 
tion of the whole scheme appears doubtful, however, 
under actual conditions. 





GeRMAN ORES AND CoaL OuTLOOK.—Speaking before 
the annual meeting of German metallurgists and miners, 
held at Berlin in July last, Dr. Krusch submitted esti- 
mates of the losses in coal and ores that the peace con- 
ditions will involve. His figures were expressed in per 
cents. of the actual German annual outputs, of stores 
left, and of ores still realisable, and are necessarily 
uncertain. As regards Upper Silesia, he estimated 
that Germany would lose 0-4 per cent. of the iron 
contained in the ores mined, and 3-7 per cent. of the 
iron stores; 76-3 per cent. of the zinc, and 54-4 per 
cent. of the lead in the ores would go, and 22-8 per cent. 
of the coal, and 40 per cent. of the coal stores. In 
Posen and Western Prussia there are only lignite deposits 
of local importance. The figures for the Saarbriicken 
district are: 6 per cent. of the coal output and 3 per 
cent. of the coal stores. Alsace-Lorraine is credited 
with 71°7 cent. of the iron contents of the ore 
output, and with 77-4 per cent. of the realisable iron-ore ; 
the outputs of potash and oil are estimated at 10 per 
cent. and 2 per cent. of the totals, the coal mined 
there at 3 cent. of the output and 1 per cent. of the 
stores. e district Eupen-Malmedy would involve 
1-6 per cent. of the zinc mined, and 0-4 per cent. of the 








lead. These last figures are surprisingly low. 


CONCRETE AND FROST. 


CONCRETE piers on the Canadian shores seem to 
suffer severely from the frost in tidal waters. The 
damage is apparently confined to the concrete surfaces 
which the tides expose to alternating freezing and thaw- 
ing, processes which, one could easily imagine, would 
tend to disintegrate the concrete. 
At Halifax in Nova Scotia, the air temperature may 
fall to —40 deg. F. in December when the sea water is 
still and above freezing point; in January and the 
following months the sea-water is itself down to freezing. 
int, but in December particularly the temperature 
uctuations would be detrimental to the concrete. To 
protect the concrete, Sir John Kennedy, consulting 
engineer to the Montreal Harbour Commissioners, pro- 
some years ago to face the concrete over the 
eight of the tidal range with thick water-logged wooden 
— which would themselves undergo alternating 
reezing and thawing, whilst the concrete behind them 
would be protected. This practice we see—from a paper 
by Professor Louis V. King in the Transactions of the 
Royal Society of Canada, vol. 12, pi 115 to 119 
(December, 1918, to March, 1919)—has proved quite 
successful. Unfortunately, King does not give technical 
——. nor any references to them, but confines 
imself to his studies of the “‘ Penetration of Frost in 
Concrete Structure.” He experimented with slabs of 
various pines, sometimes creosoted. He wetted the one 
surface of each of the two slabs of a pair and placed 
them face to face; exposing the pair to the cold, he 
obtained an “ice-sandwich,” which he subsequently 
suspended in a warm room. Thus he ascertained that 
the frost hardly penetrates more than 4 cm. into such 
wood, and that hence an external heating of the con- 
crete with planks 3 in. in thickness should be ample to 
protect the concrete in places which, with changing tides, 
would be exposed to air temperatures of — 20 deg. C. 
and water temperatures of +5 deg. C. The water- 
logged pine had been lying in the sea-water for several 
years. It is quite ible that the freezing and thawing 
—the most powerful disintegration agent of mountains 
—has more to do with the destruction of some con- 
crete structures than the action of the magnesium 
salts or the calcium sulphate of the sea-water, and the 
question is of particular interest also to concrete ships 
sailing in high latitudes. In the docks the change of 
the depth of immersion with loading and unloading 
would in @ measure produce the effect that the tidal 
range has on stationary structures. 





Hypravuic Rock Biastine.—aA hydraulic device for 
the blasting of rock, and especially also for the demolition 
of concrete piers and foundations, is briefly described 
in the Zeitschrift fiir Schiesswesen of May 2 last. The 
device is due to Dr. Tiibben, of the Armaturenfabrik 
Westfalia. A pressure pipe leads to a cylinder, 85 mm, 
diameter, in which eight pistons move, one after the 
other in telescope fashion. The cylinder is inserted 
into a hole drilled into the rock by an electric motor ; 
the pistons are forced out and crack the rock. The 
drilling of the holes, about 1 in. in depth, is said to 
take 15 to 20 minutes, the blasting five minutes. When 
the rock has been cracked, a tap is opened and the water 
allowed to spurt back. The device is said to have 
proved very successful in mines and quarries, where 
the concussions of explosives would be dangerous. 

ELECTROLYTIC Propuction or Fivorine.-The Re- 
search Department of the Chemical Warfare Service of 
the United States studied, among other problems, the 


nme of fluorine, and descri in the Journal of 
hysical Chemistry of May last the process worked out 
by W. L. , F. CO. Mathers, B. Humiston and C. O. 


Anderson. e usual method is that of Moissan and 
Lebeau, electrolysis of anhydrous hydrofluoric acid HF, 
to which some potassium fluoride KF is added to make 
the liquid a conductor of electricity. The vessel should 
be of platinum ; copper may be used, as was found later, 
but the electrodes must be of platinum or platinum- 
iridium. Acheson graphite is attacked; the cell must 
artificially be cooled. The hydrofluoric acid may be 
made in lead vessels, but it takes up lead then and is 
hence unsuitable for analytical purposes. The HF is 
sometimes prepared by heating the compound HF KF, 
which is more easy to deal with than the viscous acid. 
Argo and his collaborators electrolyse this fused com- 
instead of its solution in hydrofluoric acid. The 
F KF fuses at about 200 deg. C. The fusion is 
accompanied by a slight decomposition, and as the salt 
is never quite free of water, the first gas evolved during 
the electrolysis is impure. The electrolysis is con- 
ducted in a heavy cop: cylinder, about which is 
wound a nichrome coil. The copper is slightly attacked 
by the bath. The copper is the kathode ; the anode is 
a rod of graphite, which is surrounded by a diaphragm, 
the space between the carbon and the diaphragm bein, 
— with pure powdered fluorspar CaFz. The K 
mes concentrated in the bath, and when the liquid 
has turned too viscous, in spite of the addition of more 
HF, the cell contents are poured out into a copper 
basin, in which the KF solidifies. The electrolysis 
evolves heat, and with too high current density there 
ao be sparking and considerable heat evolution in the 
cell. In fact, the external heating seems unnecessary, 
and the process does not seem to give much satisfaction, 
since modifications are The use of NaF 
instead of KF seems advisable. But fluorine is, under 
ordinary conditions, probably the most active element 
known, as it inflames coal » c and sulphur 
instantaneously and attac almost any element. 
According to the new experiments, however, pure 
fluorine is not poisonous and not so irritating to the 
lungs as generally believed, is, in fact, less so than chlorine. 
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RAPID VERTICAL SAWING MACHINE. 


CONSTRUCTED BY MESSRS. EDWARD G. HERBERT, LIMITED, ENGINEERS, MANCHESTER. 
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On the present and opposite pages we illustrate 
a very useful form of hack-sawing machine, which has 
recently been designed and constructed by Messrs. 
Edward G. Herbert, Limited, of Atlas Works, Levens- 
hulme, Manchester. The machine is capable of cutting 
through a bar, 9 in. in diameter, and of bevelling 
a 12-in. girder at any angle, but it is equally suitable 
for cutting out the forks of connecting-rod forgings, 
notching and trimming plates or rolled steel sections, 
and of carrying out a great variety of work usually 
done on*a slotting machine or by other expensive 
methods, 
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Figs. 1, 2 and 3, on this page, are, respectively, 
front and side elevations, and a plan of the 
machine, the general appearance of which is shown 
by the photograph reproduced in Fig. 4. Some 
details of its construction are given in Figs. 5 to 8 
on the opposite page. It will be seen that the 
machine comprises a pedestal casting on which 
is mounted a table provided with “tee” slots 


for holding down the work; the working surface of 
this table measures 30 ins. square. The saw blade 
works, with a more or less vertical motion, through 
a slot in this table, and, as is best shown in the 














Fie. 4. 


plan, Fig. 3, the frame carrying the saw is set at an 
angle of 45 deg. with the direction of the feed motion 
of the saw. This feature is an important point in the 
design, as it enables the machine to operate on work of 
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unlimitedjlength when cutting either longitudinally or 
transversely. 

The driving arrangements, which can be followed by 
careful inspection of Figs. 1, 2 and 3, are more clearly 
shown in Figs. 5, 6 and 7. As will be seen a pinion 
keyed on to the same shaft as the fast, pulley, which 
runs at 500 r.p.m., drives a gear wheel with a 4: 1 speed 
ratio keyed on to one end of a second shaft. At the 
other end of this shaft is a crank disc, which is coupled 
to an “‘ L.” shaped ram by a short connecting rod, and, 
by this means, the ram is caused to reciprocate at the 
rate of 125 double strokes per minute. This ram, to 
which the saw frame is bolted, works in a long slide 
formed in a swinging frame, which is pivoted on the 
outside of the crankshaft bearing and gibbed to a 
circular cast-iron plate bolted on to the bearing; a 
long slot is formed in the ram to clear the crankshaft 
which passes through it. An inspection of Figs. 
5 and 6 will make the whole arrangement clear, and it 
will be evident that the ram and slide, together with the 
saw frame and blade, are free to turn about the axis 
of the crankshaft. A glance at Fig. 1 will also show 
another good feature of the design, viz., that the form 
of the ram is such that the suds and cuttings from 
the saw fall clear of the working parts. 

The saw is fed into the work by means of the powerful 
helical spring shown in most of the drawings. One end 
of this spring is fixed to the pedestal casting, and the 
other end is attached to a long screw which works in 
a nut carried by a bracket bolted on to a flat bar. 
This bar, as is best shown in Fig. 8, is pivotally con- 
nected to the swinging frame, so that the spring tends 
to turn the frame in an anti-clockwise direction, as 
seen in Fig. 6, but the frame is prevented from moving 
too rapidly by means of an oil dashpot shown in the 
same illustration. The tension of the spring, and 
consequently the pressure of the saw blade on the work, 
can be adjusted by means of the screw and hand wheel 
shown. A total feed motion of 15 in. is obtainable by 
the spring mechanism, but longitudinal cuts of un- 
limited length can obviously be made by shifting the 
work from time to time. The oil dashpot, above 
referred to, has another important function besides 


examination of Figs. 1 and 2. 
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that of regulating the rate of movement of the swinging 
frame. Reference to Fig. 2 will show that the saw 
blade is set at a small angle, usually 24 deg. to 3 deg., 
with the direction of its reciprocating motion. The 
effect of this is that, during the upward, or cutting, 
stroke, the saw blade and frame are pressed backw 

against the action of the feed spring. On the down- 
ward stroke the dashpot delays the return of the saw 
into contact with the work, and thus: materially 
diminishes the wear of the blade. An ment 
of this nature is used on all Messrs. Herbert’s rapid 


saws. 

The method of stopping the machine automatically 
at the end of a cut can best be followed from an 
It will be seen, in Fig. 1, 
that the driving belt passes between two fingers 
mounted on a horizontal sliding bar, to which is attached 
@ spring tending to move the bar to the right. To 
start the machine this bar is pulled to the left, against 
the action of the spring, bringing the belt on to the fast 
pulley, and the bar is held in thig position by means of a 
weighted bell-crank lever, one arm of which engages 
with a notch in the side of the bar. At the completion 
of the cut an adjustable screw stop, carried by the flat 
bar referred to above in connection with the spring- 
feed mechanism, comes into contact with the bell. 
crank lever and knocks it out of engagement with the 
bar controlling the position of the belt. The spring 
is thus enabled to pull the bar, in Fig. 1, to the right 
and so shift the belt on to the loose pulley and stop the 
machine. Cutting lubricant is supplied by means of 
a ~~ of the piston type driven by a circular belt 
from the crank dise, as shown in Fig. 2. The pump 
delivery is connected by flexible steel tubing to a nozzle 
rigidly connected to the saw frame, so that, when once 
adjusted, the stream of lubricant follows the saw 
through the work without further attention. 

The machine has been substantially designed and 
constructed throughout, and the makers claim that it is 
in every way fitted for continuous work at high speeds. 
Special attention has been given to the lubrication 
of the working parts and to keeping them clear of cutting 
lubricant and cuttings. 





TIN: AN IDEAL PYROMETRIC SUBSTANCE.* 
By E. F. Norrurvp,t Trenton, N.J. 

TueseE brief notes respecting the properties of pure 
tin that make it useful as a pyrometric substance sum- 
marise information gathered by the writer in an extensive 
experimental investigation on the electrical properties 
of metals in the molten state. 

Tin in quantities sufficient for pyrometric purposes 
may be obtained at relatively low cost and in a state of 
high purity. The metal melts at 232 deg. C. and, accord- 
ing to determinations made by Greenwood, 1909, does 
not begin to boil until a temperature of 2,270 deg. C. 
is reached. The writer can assert, from personal 
observations carefully made, that tin shows no tendency 
to boil at a temperature of 1,680 deg. C. If Greenwood’s 
observations are correct, the temperature interval, 
2,038 deg. C., in which tin exists as a liquid under 
atmospheric pressure, exceeds that of any other sub- 
stance. 

It has never been observed, as far as the writer is 
aware, that tin forms any chemical union, as carbide, 
with carbon at the highest temperatures at which it can 
exist as a liquid. It is quite certain from the writer’s 
personal observation that tin heated in Acheson graphite 
to 1,680 deg. C. remains chemically uncontaminated. 

Wires of pure tungsten do not dissolve in molten tin 
at temperatures at least as —_ as 1,680 deg. C. Tung- 
sten wires or rods may, therefore, be used as electrodes 
dipping into molten tin when required for measuring 
the resistance of the molten metal at very high tem- 
peratures. 

When tin is raised to a high temperature in a covered 
graphite container, the CO atmosphere that existe 
above its surface has a reducing action, which maintains 
this surface of mirror brightness. Incidentally, tin 
maintained molten in a crucible of Acheson graphite 
makes a most excellent bath into which may be inserted 
several pyrometers that are to be intercompared at the 
same temperature. 

But the Nt oe pe of tin that, in its molten state, 
make it particularly valuable as a pyrometric substance, 
are the strictly linear character of the increase of a given 
volume in resistivity with increase in temperature and 
the decrease of a given volume in density with increase 
in temperature, The increase in the resistivity of tin 
in the molten state has been studied by the writer 
with very great care, and he can assert positively that 
up to a temperature at least as high as 1,680 deg. C., 
and very probably beyond this temperature, the resis- 
tivity of the metal increases linearly with increase in 





* Paper to be submitted for discussion at the September 
poets of the American Institute of Mining and Metal- 
lurgical Engineers. 


+ President, Pyrolectric Instrument Company. 
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the temperature. The same can be asserted in regard 
to the decrease in the density with increase in tem- 
perature. 

When the coefficients have once been accurately 
determined then, assuming that suitable methods are 
available for accurately measuring either the resistivity 
of the tin or the expansion of a given volume of the 
tin, one can in the former case deduce the absolute 
temperature and in the latter case the change in the 
absolute temperature. 

Methods for accomplishing these results in a practical 
way have been described by the writer in numerous 
publications. The most refined method and the one 
yielding the most accurate results in an exceedingly 
simple manner for determining the relation between 
temperature and resistivity has been given in a paper 
by Northrup and Sherwood.* A method for determining 
the expansion of tin or its decrease in density with increase 
in temperature has been outlined by the writer.t 

There is no more reason why one should go back to 
the volume expansion or increase in pressure of a given 

uantity of gas as a final standard of temperature than 
that one should go back to a pure element like tin as a 
final standard, provided the properties of this latter 
substance are related to temperature in a manner as 
simple as the former. It is now, at least in the writer’s 
mind, quite as certain that the resistivity of a given 
volume of molten tin is related by a straight-line law 
to the absolute temperature as is the pressure of a given 
volume of gas. Gas thermometry, for practical reasons, 
ends at the melting temperature of palladium, 1,550 
deg. C., while there are no practical limitations to prevent 
the accurate determination of an absolute temperature 
by measuring the resistivity of a definite volume of tin 
when the temperature by measuring the resistivity of a 
definite volume of tin when the temperature is at least 
as high as 1,680 deg. C. and probably as high as the 
melting point of platinum. 

If, at the time the writer’s researches were made on 
the resistivity. of molten metals, a high-frequency induc- 
tion furnace had been available in its present perfected 
form for laboratory use, all his determinations could 
have been made with much greater ease and rapidity, 
and higher temperatures could have been obtained. 
It is earnestly hoped that some investigator with the 
simple means now at his disposal will make a redeter- 
mination of the melting points of the higher melting 
metals in terms of the known resistivity of pure tin. 





AssIsTANT EXAMINERS IN THE PATENT OFFICE.—The 
Civil Service Commissioners announce that an examina- 
tion will begin on October 28 next for the purpose of 
filling vacancies as Assistant Examiners in the Patent 
Office. The examination will be confined in the main to 
candidates who have served in His Majesty’s Forces and 
will consist of a qualifying examination followed by inter- 
view by the Selection Board. The subjects of the qualify- 
ing examination are English composition, précis writing, 
general knowledge and one of the following: General 
chemistry, electricity and magnetism, mechanics and 
mechanism. The limits of age are 20-30. Initial salary 
150/. a year, together with a war bonus. Copies of the 
regulations and forms of application may be obtained on 
application to the Secretary, Civil Service Commission, 
Burlington-gardens, London, W. 1. The last day for 
making application is September 18. 


TRADE At JAPANESE Ports.—According to an ex- 
haustive compilation of trade statistics recently issued 
by the Yokohama Chamber of Commerce and referred to 
in The London and China Telegraph, America enjoyed 
50 per cent. of the foreign trade going through the port 
of Yokohama in 1918, but less than 5 per cent. of the trade 
was carried in American bottoms. Only 2 per cent. of 
the commerce between Yokohama and American ports 
was carried in American ships. The total business be- 
tween American ports and Yoloheme was more than one- 
half billion yen in 1918, of which exports to America 
were twice the value of the imports. The same relative 
value between exports and imports is found in the trade 
of this port with Great Britain during 1918, while in the 
case of France the ratio is 100 to 1 in favour of the 
exports. The tonnage of American merchant vessels 
coming into Yokohama has dropped from 811,636 in 
1913, to 175,952 in 1918. British tonnage dropped from 
3,051,247 in 1913, to 315,821 in 1918. 





Unrversat Drrectory or Rattway Orriciats.— 
A copy of this directory for the current year, the 25th 
of publication, has recently come to hand. The book, 
which is compiled from official sources under the direction 
of Mr. 8. R. Blundstone, gives a list of all railways and 
tramways worked by power in the United Kingdom, 
mentioning the length of line, and amount of rolling- 
stock, and giving the names of the chief officials in each 
ease. Similar information is given for most of the 
foreign railways of the world, bu: it has not yet been 
possible to include particulars of tines in the countries 
or districts which have been subjected to military opera- 
tions during the war. A very valuable feature of the 
work is the complete alphabetical list of railway officials, 
and this has been corrected with particular care and 
attention. The whole of the matter has, in fact, been 
revised and brought up to date, and a number of additions 
have been made. The book is published by the Directory 
Publishing Company, Limited, of 15, Farringdon-avenue, 
London, E.C. 4, and the subscription price is 15s. 
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COPPER CONDUCTORS. 


Tue British Engineering Standards’ Association have 
issued their report, No. 7 (revised, 1919), British Standard 
Specification for dimensions of insulated annealed copper 
conductors for electric power and light. 

The wire gauge, as a means of designating the con- 
ductors, has been dispensed with, and the number of 
sizes has been reduced considerably. The report in- 
cludes a table giving the values of the resistance of a 
conductor 1,000 yards long and | sq. in. in sectional 
area, at every degree between 40 Fahr. and 120 Fahr., 
together with the constants to be employed in converting 
the resistance of a wire from any temperature between 
these limits to 60 deg. Fahr. It also contains tables 
giving details of the conductors, the thicknesses of the 
dielectric lead sheathing, armouring, bedding, &c., with 
the values of the test pressures. 

The specification deals with circular wires from 
0-0076 in. to 0-1030 in. in diameter, solid and stranded 
conductors from 0-001 sq. in. to 1 sq. in., and with 
flexible conductors from 0 -0006 sq. in. to 0-5 sq. in. 

The thicknesses of the dielectric and lead sheathing, 
and the values of the test pressures, are given for the 
following classes of cable :-— 


Dielectric. 
Paper 
Jute 
Rubber ... 


Working pressure. 
660, 2,200, 3,300, 5,500, 6,600, 11,000 volts. 
660 volts. 
250, 660, 2,200, 
11,000 volts. 


Copies of the report at the price of ls. 2d., post free, 
can be obtained from the offices of the Association, 28, 
Victoria-street, Westminster, 8.W.1. 


3,300, 5,500, 6,600, 





LarGe Francis TURBINES.—We read in Engineering 
News Record, New York, that Francis-type turbine rated 
at 22,500 h.p., and operating under a head of 800 ft., 
are to be installed at the Kern River No. 3 hydro-electric 
plant of the Southern California Edison Company. They 
are said to be the lightest-head turbines that have ever 
been built. The generators are of unusual design, in that 
they will furnish either 50-cycle or 60-cycle energy, 
two different systems being served. 





Tae InstTITUTE OF METALS: SHEFFIELD MEETING.— 
An important addition has just been made to the list 
of papers that are to be presented at the annual autumn 
meeting of the Institute of Metals in Sheffield on Wed- 
nesday and Thursday, September 24 and 25. As 
originally published, the list included nine papers ; 
there are now ten, the latest communication being a 
note by an American metallurgical engineer, Dr. Zay 
Jeffries of Cleveland, Ohio, on “The Micro-Mechanism 
of the Ageing of Duralumin,” a subject of great practical 
interest to all concerned with the working or use of an 
aluminium alloy that has played a vastly important 
gee in aeronautical engineering during the war. Dr. 

effries has come over to this country in order to be able 
to present his communication in person to the Institute 
at its Sheffield meeting, at which a record attendance of 
home and overseas members is assured. Copies of the 
note are now in the press, and will be forwarded to all 
members and applicants for membership upon applica- 
tion being made to Mr. G. Shaw Scott, M.Sc., Secretary, 
Institute of Metals, 36, Victoria-street, 8S.W. 1, from 
whom also there can be obtained membership forms 
—s (in the event of success in the forthcoming 

allot) for election in time for participation in the 
functions at Sheffield in cases where these forms are 
returned not later than noon on Wednesday next, 
September 10. 





FRENCH INTEREST IN SHIPPING PLANs at SHANGHAI. 
—We read in The London and China Telegraph that the 
Nicholas Tsu Shipbuilding and Engineering Works at 
Shanghai were mortgaged to the M eries Maritimes, 
and on the expiration of the mortgage the latter decided 
to take over the works. Owing to the objection of the 
Chinese Government to having a purely Chinese enter- 
prise pass over to the French in its entirety, the French 
decided to sell the Chinese Government a half interest, 
which was effected in the form of a special arrangement 
with the Government, effective in May, 1919, the pur- 
chase price being Shanghai Tls. 500,000 (597,500 dols.). 
The works, covering an area of about eight acres of land, 
consisted originally of@native docks where junks and 
lorchas were repaired in the early days of foreign occupa- 
tion in the East. In 1896 Mr. opened up his engine 
works, constructing small engines used in the opera- 
tion of rice mills all over China. Small — for other 
engines were also made. Gradually the works ex- 
panded, and in time farm machinery, tramway and 
pane rolling-stock were also successfully manufactured. 
Later launches of all sizes were turned out. Since 1914, 
when the war caused most of the vessels trading with 
the East to be taken off, these works were enlarged and 
facilities installed for the construction of large steamers. 
At present four vessels of 5,000 tons each can be con- 
structed at one time. Two vessels have recently been 
completed. A blast furnace has recently been installed 
and experiments made with iron ore taken from the ore 
fields between Nanking and Wuhu. A rolling mill is 
also in operation and the works are using plates of 
excellent quality which are turned out by this mill. In 
view of the fact that Mr. Tsu has interests in the 
extensive ore fields above tioned, the Nicholas Tsu 
yard wwill, when these ore fields are developed, be in a 

sition to compete more favourably with the world’s 
shipbuilding yards than has been possible up to the 








present time. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—To all outward appearances South 
Yorkshire’s staple industries have completely recovered 
from the temporarily crippling effect of the county coal 
strike, and work in all branches is in full swing. Un- 
employment, which reached one of the highest levels 
recorded since before the war, is being reduced to normal 
proportions as the industries get into their stride and 
the workers are absorbed. Less than a fortnight ago 
over 20,000 workers were on the books of the Sheffield 
Labour Exchange drawing unemployment donation. 
That number has now been reduced to 8,000, showing 
that there was plenty of work awaiting completion 
when the necessary coal supply was available. From 
an industrial standpoint the biggest event of the week, 
affecting not only South Yostibiee, but Nottingham- 
shire and the Midlands, has been the practical com- 
pletion of the scheme by which Messrs. Cammell Laird 
and Co., Limited, amalgamate with the Midland Carriage 
and Wagon Company, of Birmingham. This will give 
Messrs. Cammell an outlet for a large part of the 
Penistone steel output, where, owing to the large exten- 
sions made specially on war account, difficulty had been 
experienced in finding work for all the new furnaces. 
The amalgamation will also help materially at Notting- 
ham, where Messrs. Cammell are taking over the 
National factory which they ran for the Government 
during the war, and where they propose to make steel 
railway wagons and carriages. The company have 
contracts in hand running over a long period. The raw 
material market has undergone little change. Supplies 
of basic material are still in urgent demand, and outside 
sources of production are being drawn upon to meet the 
call for semi-finished material. West Coast hematites 
are quoted at 11/.; East Coast hematites, 101. 68. 9d. ; 
common bars, 22l. 10s.; hoops, 26/.; Lincolnshire 
basic, 91. 58.; Lincolnshire forge, 8/1. 12s. 6d.; Derby- 
shire basic, 9J. 10s.; Derbyshire foundry, 91. 3s. 6d. ; 
Derbyshire forge, 8/. 10s. Movement in steel billets is 
steady despite underselling by cheaper competitors. 
Bessemer acids are quoted at 191. 2s. 6d.; Siemens, 
191. 12s. 6d.; hard basic, 161. 10s8., and soft basic, 
151. 5s. ‘The engineering branches are steadily employed, 
but there is a marked slackness in crucible steel and in 
special steels. Exports of the latter tend to increase, 
but the quantity going for shipment compares unfavour- 
ably with pre-war trade. There is also an indication 
of an easing-off in some of the lighter branches, which, 
taken on the whole, have had a record year. Makers of 
twist drills and jack saw blades are getting towards 
the end of their largest bookings. 


South Yorkshire Coal Trade.—Output at the pits is 
not yet normal, but is much more nearly so than a week 
ago. Supplies for manufacturing purposes on local 
account and for dispatch to inland works are in urgent 
demand. The approach of winter is causing house coal 
merchants considerable anxiety, as winter stocking has 
scarcely commenced and depéts are much in arrear 
with deliveries. Open market business is greatly re- 
stricted owing to the urgency of contract commitments. 
Coke is scarce with prices firm at the maximum. Quota- 
tions :—Best branch handpicked, 33s. to 34s. ; Barnsley 
best silkstone, 33s. to 33s. 6d. ; Derbyshire best brights, 
3ls. to 32s.; Derbyshire house coal, 28s. 6d. to 29s. ; 
Derbyshire best large nuts, 28s. 6d. to 29s. 6d.; Derby- 
shire small nuts, 27s. 6d. to 28s. 6d.; Yorkshire hards, 
288. 6d. to 29s. 6d. ; Derbyshire hards, 28s. 6d. to 29s. 6d. ; 
best slacks, 24s. to 25s. 6d.; nutty, 23s. to 24s. ; smalls, 
198. to 208. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Inquiry for Cleveland 
foundry pig is slightly quieter, but supply still falls a 
good deal short o uirements. Home consumers are 
rather heavily bought, but distribution continues to be 
hampered by truck shortage. Demand on Continental 
account is unabated, and, with prospects of more iron 
available for shipment and likelihood of licences being 
issued more freely—though up to the present they are 
granted sparingly—expansion of export trade is antici- 
pated. Seae iron is very plentiful and likely to become 
even more abundant as furnaces are not working very 
satisfactorily, with the result that they are turning 
out more of the inferior qualities than the better kinds 
of iron. For home consumption No. 3 G.M.B. and No. 4 
foundry stand at 160s. ; No. lis 164s. ; and No. 4 forge 
is 157s.; and for export prices are 5s. above the fore- 
going quotations, 


Hematite Iron.—The situation as regards East Coast 
hematite is easier, supplies being more plentiful, due to 
many home needs having been met and to foreign demand 
being only quiet. Rates of exchange are an obstacle 
to export trade, and some countries are fairly well 
bought at below current rates. Makers have good order 
books, but they are quite open to entertain forward 
business. Nos. 1, 2 and 3 are 200s. for home use and 
205s. for despatch to foreign destinations, and No. 1 
is 202s. 6d. for home purposes and 207s. 6d. for export. 


Foreign Ore.—The foreign ore tradeisidle. Consumers 
have rather large stocks and are regularly receiving 
substantial supplies in fulfilment of running contracts, 
so that they are not in the market to buy. Rubio of 
50 pa quality is 53s. 6d. c.i.f. Tees, and the freight 
Bilbao-Middlesbrough is 25s. 


Coke.—Coke is scarce, though the shortage is hardly 
so acute as it has been. 


Medium blast furnace kind is 
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48s. at the ovens and low-phosphorus sort 49s. 6d. at 
the ovens. 


Manufactured Iron and Steel.—Producers of manufac- 
tured iron and steel are busily employed, and in some 
branches demand is better. Substantial orders for 
sheets are reported to have been booked at advanced 
rates. Export prices are not fixed, but are rather 
above the following, which rule for home trade — 
Common iron bars, 22%.; marked bars, 241. 10s.; strip 
iron, 221. 5s.; black sheets, 24 gauge, 24l.; galvanised 
sheets, 24 gauge, 291. 10s. to 301. ; steel ship, bridge and 
tank plates, 18/. 5s.; steel angles, 171. 15s. ; steel joist, 
171. 10s.; steel hoops, 231., and heavy sections of 
steel rails 161. 10s. 


Shipments of Iron and Steel.—August shipments of 
iron and steel from the port of Middlesbrough totalled 
43,374 tons as compared with total clearances of $6,571 
tons for the previous month. Pig iron shipped last 
month amounted to 23,856 tons, manufactured iron 
60,590 tons, and steel to 18,928 tons, as against July 
loadings of 15,410 tons of pig iron, 1,028 tons of manu- 
factured iron, and 20,133 tons of steel. Only 1,785 tons 
of the pig iron shipped last month went to coastwise 
customers, whilst 22,071 tons went to Colonial and foreign 
destinations. The principal customers were :—Belgium, 
10,793 tons; Italy, 3,430 tons; Japan, 2,600 tons; 
France, 2,070 tons, and Denmark 1,225 tons. Of the 
manufactured iron cleared in August only 25 tons went 
coastwise, 565 tons going abroad. India was the largest 
buyer, taking 333 tons. Foreign purchasers last month 
received 15,555 tons of steel and coastwise customers 
3,373 tons, the chief importers being :—India, 6,369 
tons; Denmark, 1,550 tons; Spain, 1,394 tons, and 
Japan, 1,156 tons. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scotch Steel Trade.—Active conditions continue to 
rule in the Scotch steel trade, and there @s:no — 
off in the demand for supplies for current ‘use. For al 
classes of material commitments are 1 y of the near 
date delivery character, and even sellers show little 
disposition to contract much ahead.; Makers of. sec- 
tional material have only a fair amount of work on 
hand, and the demand for supplies is not pressing. 
Quite a satisfactory business is being done in black 
sheets, and makers are comfortably placed for the present, 
while for galvanised sheets the outlook is not too en- 
couraging. In the steel trade generally the bulk of the 
business is still on home account, and no great t g 


the output for the eight months to date now stands at 
184 vessels totalling 347,579 tons. Certainly the total 
has been exceeded on several occasions before the war, 
but when the state of the labour market is considered, 
and the fact that many yards have been changing from 
Admiralty to mercantile work the tonnage launched 
for the year to date is very encouraging. The year’s 
figures for the various districts are as follow :— 


Vessels. Tons. 

The Clyde . 184 347,579 
The Forth 20 39,251 
The Tay 10 13,368 
The Dee ... 35 7,131 
etek. xc . 249 398,329 


Amongst the larger vessels launched last month were 
the light cruiser Raleigh of 10,000 tons, by Messrs. 
Wm. rdmore and Co., Limited, for the gene 
the turbine screw steamer, Nardana, 8,000 tons, by 
Messrs, Barclay, Curle and Co., Limited, for the British 
India Steam Navigation eae er Limited, London ; 
and the cargo steamer, War war, 8,000 tons, by 
Messrs. Lithgows, Limited, Port Glasgow, for the Shipping 
Controller. 


Further Clyde Interest of Belfast Firm.—It is now 
officially known that the firm of Messrs. Harland and 
Wolff, Limited, Belfast, has ‘acquired still further 
interests on the Clyde, thus considerably extending its 
influence in Clyde shipbuilding. The two very old firms 
in which Messrs. Harland and Wolff will now be con- 
cerned are Messrs. D. and W. Henderson and Co., Limited, 
Partick, and Messrs. A. and J. Inglis, Limited, Point- 
house. 





NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 
The Local Markets.—Owing to an improvement ‘in 
outputs and the resumption of work in the Yorkshire 


coalfield there has been more coal available of late,. 


and prices show an easier tendency. Actual business 
is still difficult owing to the me mess with which 
releases are granted, and lack of tipping accommodation. 
Shipping is plentiful, though not arriving so freely as 
of late, there are still a large number of vessels waiting 
cargoes. There is little alteration in prices for the 
better quality large coals as collieries generally are 
comfortably placed and have heavy arrears to work off. 
The top for Admiralty and Monmouthshire large coals 
is 858., and good drys are obtainable at 806.) which is 
duction of 2s. 6d. to 5e. on the prices required a' week 





is available for export. Prices are without change, 
and almost all classes of buyers having seemingly be- 
come accustomed to the present high level of values, 
are more freely placing their orders, with the result 
that the present activity is likely to continue. The 
competition from abroad is not being feared so much 
at the moment, and owing to the difficulties of delivery, 
especially in the case of steel material from America, 
buyers in general have little inclination to place con- 
tracts there. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron works very satisfactory conditions are 
general, and there is a good amount of work on hand, 
mainly on home account. Fresh bookings have been 
of a fairly healthy nature during the past week, and the 
immediate outlook is good, with steady running of the 
mills ensured for some time. With the home demand 
keeping up so well, there is little material going through 
for shipment. Prices remain firm, and no change has 
been made in “‘ Crown ”’ bars, which are called 21/. 12s. 6d. 
per ton, net, Glasgow. 


Scotch Pig-iron Trade.—The 
Scotch pig-iron trade has varied very little over the week 
except that there are indications of a slightly better 
tonnage. Of both foundry and forge iron there is rather 
more available, but the tightness of hematite continues, 
as consumption is ona large scale. Prices are unaltered, 
and keep very firm. 

New Clyde Shipyard.—A new private limited liability 
company has just been formed and arrangements made 
for the laying-out of another shipyard on the Clyde. 
The position taken over is at Scotstoun, and the river 
frontage will be about 650 ft., giving accommodation 
for five vessels of from 10,000 tons to 12,000 tons. The 
managing director of the new concern is Mr. Hugh M. 
Macmillan, late shipyard director at the Fairfield ship- 
building yard, Govan, and formerly of Belfast, while 
his immediate associate will be Mr. Donald Bremner, 
late head of Messrs. Dunlop, Bremner and Co., Limited, 
Port Glasgow. 


Shipbuilding.—Much activity has been general in the 
Scotch shipbuilding yards during the past month, and 
the outcome was very sati factory. ‘The launches for the 
different districts are as follow. :— 


ition of affairs in the 





Vessels, Tons, 

The Clyde wns ite ‘ 29 52,181 
The Tay one evs oe I 2,000 
The Dee ... ow oss wee 2 1,206 
Total ... wily ga: 2B 55,386 


The Clyde total for the month of August was a very 
good average for the year, and has only been exceeded 
twice this year, in April when thetotal was 85,774 tons, 
and in June when the figure was 83,907 tons. In com- 
parison with pre-war years it is interesting to note that 
only on four previous occasions has the total output for 
August been larger. From the returns it would seem 


that the Clyde shows signs of returning very quickly 
to its proud position as a shipbuilding centre because 





ar 

ago. Smalls are also more plentiful, and the best steams 
range from 62s. 6d. to 67s. 6d., though some sellers are 
quoting 70s. Cargo smalls range from 55s. to 60s., and 
inferiors from 45s. In the bituminous section No. 2 
throughs are worth no more than 65s. Coke is,very 
scarce and firm at 105s., and patent fuel is practicall 
unobtainable, and nominal at 85s. Pitwood is plentiful, 
and as collieries are well stocked, the inquiry is poor, 
The local Allocation Committee has ceased to allocate, 
and merchants are now free to sell direct. Several 
parcels have changed hands at 60s., which is 5s. below 
the maximum schedule, as exporters have been compelled 
to clear cargoes already in dock. 


Newport.—Monmouthshire large coals, though more 
plentiful, have not altered much as regards prices, as 
collieries Lowers J are fully booked over the next fort- 
night, and comfortably placed as regards tonnage, and 
are not prepared, —— in isolated cases, to modify 
their ideas of prices. Black vein and Western Valley 
large still command up to 85s., and Eastern Valleys from 
80s. Smalls are on the easy side round 60s. 


Coal Outputs.—In the week ending August 23 outputg 
in the Monmouthshire and South Wales coalfields 
amounted to 975,558 tons, compared with 904,464 tons 
in the preceding week. The output in the week ending 
August 23 is just over 6 per cent. less than in the best 
week in the previous twelve months, and 11 per cent. 
below the average weekly output in 1913. 


Inland Coal Transport.—The announcement of the 
Board of Trade voy ama the Coal Transport Re- 
organisation Scheme has been received with satisfaction 
as it is believed that any relaxation of official restrictions 
will benefit trade generally. Consumers are now at 
liberty to eens from any colliery or merchant direct, 
though collieries are advised that supplies of coal must 
be maintained to the same purchasers as at present, 
subject to adjustments of supplies to merchants as may 
result from the change in customers. 


Bunker Coals for Coasting Steamers.—It-will be re- 
called that the South Wales coalowners had to 
supply vessels in the British coasting trade with bunker 
coals at fixed prices. It is now reported that the Board 
of Trade intend to issue a schedule of fixed prices for 
bunkers for these steamers, and the South Wales coal- 
owners have, therefore, abandoned their scheme. 





Book Reviews IN AMERICAN JOURNALS.—The Post 
Office Department of the United States, says Engineeri 
News Record, New York, holds that post the ino 
Postage Act of October 3, 1917, a book review in any 


‘journal must be classed as advertising matter and must 


be subject to extra postage if the price of the book is 
given. Our American contemporary adds it would 
adly pay the extra postage if that would end the matter, 
ut under the law and ruling it would be compelled to 
stamp each book review ‘‘ Advertisement,’’ which would 
be as untrue as ‘‘ confessions’ obtained under duress. 





NOTICE OF MEETING. 





Tue Instrrution or MINING ENGiIngeers.—Th® 
Thirtieth Annual General Meeting will be held at Bir- 
mingham, on Wednesday, September 10, 1919, at 11 a.m.> 
in the Medical Theatre of the University of Birmingham» 
Edmund-street, Birmingham. The members will be 
welcomed to the city by Sir Oliver Lodge, D.Sc., LL.D., 
F.R.S., Principal of the University of Birmingham, and 
by the President (Mr. William Charlton) of the South 
Staffordshire and Warwickshire Institute of Mining 
Engineers. The members will dine together on Wed- 
nesday, September 10, at the Grand Hotel, Birmingham. 
A reception of the members by the Lord Mayor of 
Birmingham (Sir David Brooks, G.B.E.) and Lady 
Brooks will be held at the Council House, Birmingham, 
on the evening of Thursday, September 11. Arrange- 
ments have been made for visits to places 
of interest and works on September 11 and'12, The 
following papers will be read, or taken as read: (1) 
“Report of the Committee on ‘The Control of Atmo- 
spheric Conditions in Hot and Deep Mines’"’; (2) 
“Training of Officers and Men of the Tunnelling Com- 
panies of the Royal Engineers in Mine-rescue Work on 
Active Service in France,” by G. F, F. Eagar; (3) “A 
New Method of Working Thick Seams of Coal at Bag- 
geridge Colliery,” by Dudley 8. Newey, B.Se., F.G.S. ; 
(4) “ Protractors,”’ by T. G. Bocking; (5) ‘Magnetic 
Meridian Observations: a Method of Utilising the Kew 
Observatory Records,” by T. G. Bocking. The following 
papers will be open for discussion: (a) ‘‘ The Difficulties 
and Dangers of Mine-rescue Work on the Western Front ; 
and Mining Operations carried out by Men. Wearing 
Rescue-apparatus,” py Lieut.-Colonel D. Dale Logan, 
D.8.0., M.D., D.P.H., Trans. Inst M.E., vol. lvii, page 
197; (b) “Accidents due to structural Defects of 
~ ao ~ or Injury to Apparatus; and the Future 
of the Proto Apparatus,’’ by Lieut.-Colonel D. Dale 
Logan, D.8.0., M.D., D.P.H., Trans. Inst, M.E., vol. 
lvii, page 223; (c) ‘The Examination of Coal in Rela- 
tion to Coal-washing,” by M. Wynter Blyth, B.A. 
(Cantab.), F.1.C., and L. T. O'Shea, M.S8e., F.1.C. ; 
(d) *‘ The Education of Colliery Managers for Adminis- 
trative and Social Responsibilities,”’ by William Maurice. 





BETHLEHEM Iron Orne Dock 1n OCntte.—The iron 
ore dock of the Bethlehem-Chile Iron Mines, at Cruz 
Grande, Chile, construction of which was held up by the 
war, has just been compieted, says The Jron Trade 
Review, Cleveland, Ohio. The dock has a capacity for 
30,000 tons of ore, and is provided with 17 spouts by 
which all 17 hatches of the standard 20,000-ton ore 
boats of the company may be fed simultaneously. 
The dock is similar to the ore docks in Lake Superior. 
It is nearly 500 ft. long, and is loaded by discharging 
the ore from hopper cars at the top of the dock, 


Paint STANDARDS.—-We read in Railway Mechanical 
Engineer, New York, that the Bureau of Standards of 
the United States Department of Commerce is engaged 
in a study of paint and paint materials, in consul- 
tation with a committee of scientific representatives 
of the Government Departments, including the Rail- 
road Administration, with a view to making acceptable 
standard specifications to be promulgated by the Bureau 
for the information of the public. These, when issued, 
it is stated, will render available to the railroads a fund 
of information regarding paint which they have not had 
heretofore. 


GERMAN ALUMINIUM WorKSs AND Strate Suprhiy or 
Execrriciry.—The war development of the aluminium 
industry was brisk in most countries, but ticularly 
so in Germany. In a paper of the title of this para- 
graph, published by Richard Tréger in the Zeitschrift 

Vereines deutscher Ingenieure of August 2 last, Tréger 
estimates the production of aluminium, before and at 
the end of the war, in units of 1,000 tons, as follows :—- 
Germany, 1, 40; Austria, 11, 25; England, 7-5, 12; 
France, 18, 20.; Italy, 1, 7; Norway, 1-5, 16; United 
States and Canada, 28, 73. Thus the number of new 
plants in Germany was very great, and their erection 
was, of course, very much more expensive than the con- 
struction of the pre-war plant h The installa- 
tion of new German aluminium works was decided upon 
in 1915, and Tréger at that time was asked to report 
upon the problem. In 1916 three large new works were 
started, the Erftwerk, the Vereinigte Aluminiun)werk 
A.G., and the Innwerk (Bavaria) These aluminium 
works required 1,200,000,000 kw.-liours per year—that 
is, 43 per cent. of the whole electric energy available in 
Germany in 1913. The new power installed for the 
works was 200,000 kw. To meet’'the heavy. power 
demands several of the largest electricity supply plants 
were coupled up. Thus the Erftwerk was connected by 
100 km. of new power transmission line with the 
Rhenish-Westphalian Electricity Works andthe lignite 
collieries of the district, and similar connections were 
established in other districts, notably at Bitterfeld and 
Golpa, and at Rummelsburg,. near Berlin. Yet the 
charges on the capital invested andthe general industrial 
outlook are so heavy and serious that Tréger considers 
that the State, already largely interested in the, capital 
of the plants, will have to nationalise the electticity 
supply. He would connect all the large electricity 
supply stations, which now feed aluminium works, and 
oblige the neighbouring districts to take their electricity 
from these united stations. « The also affect 
other metals and especially copper, since the price of 





aluminium is largely dependent upon the copper market. 
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3| approximately, half the heat of the fuel remains in 


4| utilisation is 0-50 x 0-75 = 37-5 per cent. 
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THE INTERNAL-COMBUSTION TURBINE, 

THE average multi-cylinder internal-combustion 
reciprocating engine can only be regarded as a 
somewhat complicated power unit. Its massive 
framing, large reciprocating weights and spring- 
closed valves compare unfavourably with the silent 
and compact modern high-speed turbine. The 
rotary motion of the turbine has made possible 
units of a power many multiples of the highest 
that can be obtained with the reciprocator. The 
internal-combustion turbine is a natural develop- 
ment in prime movers to which, judging from the 
records of patents granted, a large number of 
workers are still devoting their energies. 

A review of past performance in this field and a 
discussion of future possibilities with such a machine 
are given in a paper, “‘ Working Processes of Future 
Internal-Combustion Engines,’’ by C. A. Norman, 
before the American Society of Automobile 
Engineers. The suitable thermo-dynamic cycle of 
operation can be conveniently subdivided into the 
two principle functions of compression and expan- 
sion. With the reciprocating engine, these are 
carried out in the one machine, exactly the same 
mechanism serving, and operating, furthermore, 
at a relatively high efficiency. With an internal- 
combustion turbine, compression must be carried 
out separately, and, for guidance, consideration 
may be given to the Brayton engine with its 
two cylinders, the one for compressing the 
working fluid driven from the other—the main 
cylinder in which ignition and expansion took 
place. This engine converted into power only 
6 per cent. of the heat or work capacity of 
the fuel, but, nevertheless, was built in consider- 
able numbers in the United States of America. 
The maximum obtainable efficiency with such a 
prime mover may be considered. In order that 
compression engines may deliver a margin of 
power the temperature range of expansion must 
be a multiple of that of compression. Assuming a 
final compression pressure of 150 Ib. per square inch 
(a compression ratio of 1 to 10), the temperature 
range of compression is from 70 deg. to 560 deg. F. 
The maximum absolute 
temperature that can be dealt with utilising the 
usual materials of construction is 4,000 deg. F. (or 
4460 deg. F. absolute). 

In this case the initial temperature of expansion 
is about four times the final temperature of com- 
pression, giving, theoretically, a ratio of net work 
to total expansion work of 75 per cent. Since, 


the gases at the end of expansion, the net energy 
To 
what extent can an explosion turbine compare with 
these figues ? Taking, for instance, the regenerative 
type of plant. A compressor passes compressed air 


chamber, in which the injected fuel is ignited and 
expanded through nozzles, and the resulting gases 
impinge on to a turbine wheel which absorbs their 
kinetic energy, and, finally, exhausts through the 
exhaust air heater aforementioned. The percentage 
of the expansion work available as net work with 
a ratio of absolute initial expansion temperature to 


This figure is very attractive, and if the transfer 
of heat from the exhaust gases to the air can be 
efficiently carried out, a reasonable fraction of this 
75 per cent. of net work which is available, might 





experimenters into this field. ‘The difficulties are 
severe. Reductions of efficiency either in the com- 
pression or the expansion elements, have a large 
effect in reducing the overall efficiency. If, for 
instance, the efficiency of the compressor is 60 per 
cent., and the efficiency of the expansion element is 
also 60 per cent, the 75 per cent. of net work is 
not merely reduced to 75 per cent. x +60, but 
is reduced to 18 per cent. That is, only 18 per 
cent. of the expansion work is available as net work, 
and if 50 per cent. be the figure for the efficiency 
of both the compression and expansion, no work at 
all will be given out by the machine, all the available 
energy developed being required merely to drive the 
compressor. 

Can sufficiently high efficiencies be obtained with 
the turbine plant to compare at all favourably with 
the 37 per cent. or so overall figure obtained with 
reciprocating units, quite apart from the practical 
question of suitable materials to withstand the 
severe temperature conditions? The design must 
strictly avoid, so far as is possible, friction, 
throttling and cooling losses. With turbines in the 
past, the rotation or windage losses in the turbine 
part and other turbulence losses in the centrifugal 
compressor have proved most serious obstacles. 

It should be pointed out, however, that one 
substantial difference exists between the usual 
piston internal-combustion engine and the separate 
compression and expansion system necessary to the 
turbine. With the usual working cycle the expan- 
sion ratio cannot be greater than the compression 
ratio, so that expansion cannot be carried down 
to atmospheric pressure. For this reason, the 
lower the mean effective pressure the higher the 
theoretical efficiency, and with Diesel engines it has 
often been recorded that the highest overall effi- 
ciency, even taking friction losses, &c., into account, 
occurs at less than full load. With separate com- 
pression and expansion units this law does not 
hold, and the expansion ratio can be greater than 
the compression ratio. With reciprocating engines, 
notably with the Atkinson engine, attempts have 
been made to overcome this disadvantage, but 
without success. 

The case for the internal-combustion turbine is, 
however, not hopeless. Taking such working 
temperatures and pressures as can be realised in 
practice, a theoretical energy utilisation of about 
67 per cent. would be obtained. The compression 
does not take place within the explosion chamber, 
but must be furnished by an outside compressor. 
The compression work is increased further on 
account of delivery work, theoretically by 40 per 
cent. Practically, on account of the many sources 
of inefficiency the increase is greater. Even with 
large units, the efficiency of turbo compressors is 
relatively low, and turbulence losses must also be 
allowed for. The efficiency of the turbine wheel, 
furthermore, cannot be assumed to be higher than 
60 per cent., so that the theoretical figure of 67 per 
cent. is reduced to a practical one of 13-8 per cent., 
which is less than one-half of that of the modern 
internal-combustion reciprocator. The best-known 
application of the turbine principle to internal-com- 
bustion work in the past is the German turbine, 
the Holzwarth. Mechanically, this turbine was 4 
success, but the energy utilisation could not be 
expected to reach a higher figure than 13 per cent. 
to 15 per cent. Holzwarth proposed later to use 
an exhauster, driven by exhaust raised steam, to 
draw the gas into his combustion chamber, and in 
such a way an overall efficiency of 20 per cent. 
may be obtained, which, in comparison with present- 
day turbine practice, does not promise well for the 
future of the explosion turbine on such lines. 

A French development, that of Armengaud- 
Lemale, was successful up to a point. These gas 
turbines, whilst unsuccessful commercially, due to 
their inefficiency for power production, have been 
fitted in quantities, to drive torpedoes by utilising 
compressed air. The weight of this engine works 
out at 1-3 lb. per B.H.P. For aeroplane driving, 
where weight is of first importance, such prime 
movers have been considered, and Rateau is respon- 
sible for an interesting turbine, which utilises the 
velocity in the exhaust gases of the reciprocating 
Aero engine to drive a turbo compressor to supply 





be hoped for. These possibilities have led many 
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main recipiocating engine, so compensating for the 
reduction in density of the air at high altitudes. 
As to whether such an auxiliary is a commercial 
proposition, depends entirely upon the ratio of the 
extra weight required to the extra power gained. 

Practical considerations cannot be neglected. 
High temperatures must be dealt with, if reasonable 
efficiencies are to be obtained. Such temperatures 
as are normal with the reciprocating internal- 
combustion engine are very serious in a turbine 
installation, because of the practical difficulties in 
cooling the revolving members. Bladeless turbines 
may be evolved, blades of non-metallic materials 
have been discussed. Valve designs capable of 
dealing with high temperature gases may be pro- 
duced, Internal water injection, as a means of 
reducing the temperature and increasing the power 
output, cannot be regarded favourably. Theoretic- 
ally such a procedure has a considerable effect in 
reducing thermal efficiency, as is clearly shown by 
a series of curves in Mr. Norman’s paper. 

In this paper the author, whilst pointing to the 
difficulties towards an early realisation of a reason- 
able efficiency in terms of work output per unit of 
fuel consumed, is quite hopeful that a simple plant 
will be evolved in the near future, in which all the 
units will be of the turbine type, and where the 
efficiency overall will compare with that achieved 
by the present-day reciprocator. Very little of a 
definite nature is given to shed any ray of light along 
the probable path of progress, to serve as a guide 
to willing investigators. The most favourable 
case is felt to be that of a combination of steam and 
internal-combustion prime movers. It is proposed 
to utilise the heat transferred to the jackets to 
generate steam. This steam drives or assists to 
drive a turbo compressor and the heat remaining in 
the exhaust is partially given to the air delivered 
from this turbo compressor, At first glance, this 
may seem a somewhat complicated plant, but in 
practice it would probably be more simple than 
present-day reciprocating engines. Generally, such 
a scheme favours in measure the “ Still” engine, 
about which much has recently been written. 
It is felt, however, that the practical difficulties 
are still to be faced and overcome and that 
much metallurgical research—unless actual dis- 
covery takes place—remains to be undertaken 
before a sufficient temperature range to ensure 
reasonable efficiency can be dealt with in a gas 
turbine. There is the demand, and although 
efficiencies fall somewhat short of those achieved 
with reciprocating internal-combustion engines, the 
engineer of to-day is educated to desire rotary 
motion and simplicity wherever possible, even at 
the expense of a slight loss in economy. 





THE LAW OF PROBABILITY AND 
RESTRICTION OF OUTPUT. 
Durine the war there appeared a Blue-book 
dealing with the question of industrial fatigue as 
affecting output. The publication contained the 
results of investigations carried out by Dr. H. M. 
Vernon upon the effect of the length of working 
hours upon the productivity of groups of workers, 
and although the conclusions agreed generally with 
the views held by enlightened employers of labour, 
the work was useful as a record of actual data 
collected over a large field. Blue-books, however, 
are very rarely read by engineers, and it may 
therefore be worth while discussing one rather 
important point arising out of the investigations, 
namely the possibility of the results being vitiated 
by wilful restriction of output. Obviously, if a 
body of workmen decided shat they would not do 
more than a certain amount of work per day, a 
factor is introduced which upsets all calculations 

as to the effect of fatigue upon output. 

It appears that this point was brought to Dr. 
Vernon’s attention, and it became incumbent upon 
him to determine, if he could, whether any such 
restriction of output was taking place. He attacked 
the problem by a method which is certainly both 
ingenious and suggestive, namely by comparing 
the results actually obtained with those which 
would be indicated by the law of probability. He 
assumed that, under normal circumstances, the 
output of any worker is determined by the sum of 


a very large number of very small causes, such as 
conditions of health, strength, eyesight, dexterity, 
comfort, condition of machine, illumination, ‘&e. 
Each of such causes is really the aggregate effect of 
innumerable minor causes, so that in reality the 
number of causes affecting the output of any worker 
may be called infinite. It is also logical to assume 
that there are as many causes acting to raise the 
output of a worker as to depress it, for example a 
man is just as likely to have health, strength or skill 
greater than the average of that of his fellows, as 
he is to be below the average in any of these 
respects. 

Granting these assumptions, which we are logically 
bound to do, we are driven to the conclusion that 
the productivity of any large number of workers 
will follow the mathematical law of error. The 
few men of exceptional ability will be balanced by 
an equally small number of unusua] dullness, and 
every grade of workers above the average will be 
matched by an equally numerous grade corre- 
spondingly below the average. Should this not be 
found to be the case, it would point to the existence 
of some extraneous factor interfering with the 
natural order of things. Thus any cause tending 
to limit the output of the naturally faster men 
would be reflected in a lack of symmetry of the 
curve of productivity. 

Dr. Vernon applied the principle of probability by 
dividing the total number of workers engaged upon a 
given operation into a number of groups, each group 
embracing all those having a certain range of pro- 
ductivity. He noted the number of men in each 
group, and by plotting these numbers he obtained 
a curve reasonably symmetrical on both sides of the 
centre, and generally resembling the well-known 
curve of probability. He deduced from this that 
there was no limitation of output in the establish- 
ments which he was investigating, as had any such 
influence been at work he considered that it could 
not have escaped detection by the method of 
analysis he adopted. 

The ingenuity shown in applying a well-known 
mathematical principle to a manufacturing problem 
with a view to providing a definite answer to one 
of the most difficult questions which confront a 
works manager is certainly to be commended. Yet 
we must not assume that we have been furnished 
with a test for restriction of output which can be 
usefully applied in any but very exceptional cases. 
Deductions from the law of probability are only 
found to be reasonably in accordance with facts 
when very large numbers are under consideration. 
With many hundreds of workmen all engaged upon 
the same operation and working under equal con- 
ditions, and with many thousands of operations 
under review, we might be justified in drawing 
conclusions from a comparison of their actual output 
with that which would be deduced from the law of 
probability. But, in general, the numbers we have 
to deal with are far too small. The records of 
several operations in a fair-sized shell factory were 
compared with the curve of probability, in the 
manner adopted by Dr. Vernon, and in no case 
was it possible to draw any useful inference at all. 
With regard to one operation the rather surprising 
discovery was made that hardly a girl performed 
the average number of operations. One large group 
had an output well below the average, and an equally 
large group on the same shift and working under 
identical conditions were doing substantially more 
than the average. No reason could be assigned 
for this, but the fact serves to show how unsafe a 
guide the law of probability is unless very large 
numbers are dealt with. 

A further consideration which diminishes the 
usefulness of the method is that when such numbers 
of men are engaged upon repetition work as would 
justify the application of the law of probability, 
the value of their output is quite sufficient to 
warrant a very close time study of the operation. 
A capable production engineer will know from 
personal observation the detailed times necessary 
for the performance of every item of work going 
to make up the complete operation. With this 
knowledge he can determine what is a reasonable 
output to expect per day. Observation of the 
overall time taken to perform a complex operation is 





not by itself sufficient. The overall time should 





bear a reasonable ratio to the sum of the component 
times, as inefficiency of production, whether wilful 
or unavoidable on the part of the workman, is 
usually to be traced to delays, rather than actual 
slowness of work. In fact, a detailed knowledge 
of the time properly required for every operation is 
really the basis of efficient machine shop manage- 
ment, and it provides a far more certain check 
upon restriction of output, whether due to adverse 
conditions of work or to a false economic creed, 
than any mathematical generalisation. 





REFORM IN CHINA. 

Stnce the beginning of the Peace Conference 
the subject of reform has been much discussed, both 
in the native and European press in China, and 
though the preliminary to reform of any sort is 
the downfall of the military clique, who, backed 
by Japan, really rule the country, it is a matter of 
some interest to enumerate those reforms which 
would benefit engineering trades. The most 
important and most discussed reform is that relating 
to the management of the railways, and the following 
are the instructions given to the Chinese delegates 
in Paris as to the future railway policy. “ All 
railways constructed, now under construction or 
to be constructed under existing agreements by 
foreign capital or foreign loans, shall be consolidated 
under one uniform management, and capital and 
loans shall be consolidated into a joint loan with the 
said railways as security. The Chinese Government 
shall employ foreign experts to assist the Chinese 
in the administration of the railways until such 
times as China shall have repaid the loan. All 
matters concerning transportation shall be under 
the control of the Ministry of Communications and 
subject to Chinese law.” 

The above is all very well in its way, and is 
undoubtedly a step in the right direction as regard 
abolishing spheres of interest and making the 
‘open door” more than a mere phrase, but it is 
much too vague in its details as to the extent of 
foreign control. Taking the last phrase as to 
control of the Board of Communications, it cannot 
be too often pointed out that foreign control of the 
Board, that is by foreigners serving the Chinese 
Government, is an essential to efficient management 
of the railways. The appointment of advisers 
without power to insist on the carrying out of their 
suggestions is absolutely futile, as has been proved 
time and time again. For instance, Dr. Morrison, 
the late Times correspondent in Peking, and now 
political adviser to the Chinese Government, has been 
utterly unable to prevent the very rapid rise of 
Japanese influenze in China, and has been unable 
to bring about a settlement in the civil war 
which has ruined China and is still far off from 
settlement. Dr. Morrison was to all appearances 
much more of a power in the country as Times 
correspondent, 

That foreign supervision is needed is proved by 
the following instances of control by the present 
Board. Thus, take the case of its handling of the 
British loan of 1,500,000/., lent for the construction 
of the Shanghai-Hangchow-Ningpo Railway in 
1908. The people in the district traversed by the 
line are a truculent lot and very much resented 
the introduction of foreign capital, or for that 
matter any sort of control by the Board itself. As 
a consequence, to avoid trouble they were allowed 
to form two private companies with a total capital 
of some 800,000/., to build a line which had been 
given to the British to construct as far back as 1898. 
With our usual masterly inactivity we allowed this, 
and awaited developments, which materialised in the 
rapid exhaustion of the Chinese capital, which had, 
of course, been wastefully administered, as was only 
to be expected when the only qualifications required 
from the engineers were a year’s foreign educa- 
tion in engineering or being somebody’s son or 
favourite. 

Chinese the Board 


funds being exhausted, 


used the proceeeds of the British loan, utterly 
ignoring the fact that supervision of expenditure, as 
on the Tientsin—Pukow Railway, was required, and 
that requisitions for cash required foreign certifica- 
tion. In addition, the usual clauses as to the 
purchase of materials were not only ignored, but 
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in one case in connection with a tender for rolling- 


stock, it was stated that only tenders from German 


locomotive firms would be considered. Further, 
though a British chief engineer was appointed at a 
salary of over 3,000/. a year in order to comply with 
the agreement, he was not allowed to do anything, 
and spent the bulk of his time in Shanghai. That 
such things were allowed by the British Government 
is appalling, and that the fatal policy of the line of 
least resistance has been disastrous for British 
prestige in the Far East is not to be wondered at. 
Such happenings are primarily the fault of the 
Government, but they are in part due to the in- 
different attitude, from the imperial point of view, 
of the British investor, who so long as he draws 
5 per cent. on his capital is apparently unconcerned 
as to whether that capital is spent in Germany or 
Japan, when if properly looked after it should have 
been spent in England. Had the British investor 
been educated to take an interest in the spending 
of his capital, the squandering of this million and 
a half of money might have been prevented, for 
The Times correspondent in 1909 (February) fully 
exposed the whole scandal. Exactly what happened 
to the money will never be known, but presumably 
it was all spent in various ways, for the native 
companies only succeeded in completing 118 miles 
from Shanghai to Hangchow, and in partially com- 
pleting about 60 miles at the Ningpo end. At the 
Shanghai end practically everything except rails 
and sleepers was bought in America, while at the 
Chekiang, or Ningpo, end, rolling-stock was bought 
from practically every nation under heaven, resulting 
in a perfect menagerie of types, most expensive, 
of course, to maintain. 
The after history of the railway is as follows: 
The Shanghai~Hangchow portion and the partially- 
completed Ningpo section were run probably at a 
loss* by the respective private companies until 1914, 
when they were taken over by the Board of Com- 
munications and handed over to the British con- 
trolled Shanghai—Nanking Railway for management, 
who completed the construction of the 60 miles at 
the Ningpo end and started construction on the 
60-mile section, which will connect Shanghai with 
Ningpo. Another instance of the need of foreign 
supervision might be taken from the management 
of the construction of the German section of the 
Tientsin—Pukow Railway where, in addition to 
grave scandals as to land purchase, defalcations to 
the amount of 500,0001. were discovered. In this 
case it is probable that there was a certain amount 
of German connivance. ‘ 
As a last illuminating instance, as showing the way 
in which mineral concessions are handled, it would 
be as well to allude to the history of the Tung Kwan 
Iron Mine Concession. In 1902 an agreement was 
signed between the Chinese Government and the 
British concessionaires of the above for working 
an area of 45 sq. miles for a period of sixty years. 
The terms for which this concession :was granted 
were as follows: (1) The Chinese Government to 
receive 1 per cent. of all capital raised; (2) the 
Chinese Government to receive 224 per cent. of 
any profits ; (3) the Chinese Government to receive 
5 per cent. ad valorem mining tax in addition to the 
usual maritime customs tax, a further 24 per cent. ; 
(4) the usual land tax to be paid. In addition to 
the above clauses the concessionaires were to con- 
tribute 1,0001. for philanthropic purposes, to take 
a share in the upkeep of the local schools and to 
Start and bear all the expenses of a mining school. 
Further, if a railway was built to the mines the 
Concessionaires were forbidden to equip it or use it 
for passenger traffic. 
A concession on such terms could not fail to have 
resulted in great benefit not only to the neighbour- 
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to be given as security for the loan. The first 
million of the loan was actually paid over, but the 
Four Banks, finding that they were in danger of 
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on the very extravagant terms cited above, have been 
obstructed from the start, and finally bought out. 
Thus in the case of the British Kiangpeiting coal 
concession in the province of Szechuan the con- 
cessionaires actually lost money to’ the extent of 
30 per cent. of the capital invested, while in the 
case of the British Eastern Pioneer Company, 
working in the same province, no compensation was 
paid at all. In every case the Government and the 
people have been able to do nothing with the 
abandoned concessions. The Board of Com- 
munications has thus not only retarded the industrial 
development of the country, but has failed to carry 
out agreements made, and also deprived the country 
of much-needed revenue. 
The need for foreign supervision is further 
emphasised by the present condition of this depart- 
ment, which has drifted into the hands of a clique 
whose sole idea appears to be that of enriching 
themselves. As a consequence only those who 
can stoop to pandering to corruption can hope to 
get anything out of the Board. This is the cause 
of the rise of Japanese power, as, of cou rse, they had 
the money, made out of the war, and were not 
troubled by any silly scruples as to buying support 
for schemes treasonable to any patriotic Chinaman. 
What can be said in defence of a department 
which allows the purchase of condemned rails, 
does nothing in the way of development work for 
open lines, has even allowed some of these lines 
to fall into a dangerous state of disrepair, and is 
further responsible for the loss of enormous revenue 
owing to failure to cope with the rolling-stock 
shortage and the soldier pest ? 
Turning to the question of loan allotment it cannot 
be too often stated that China must in future have 
one source only from which money can be obtained, 
for there is no shadow of doubt that the greed and 
jealousy which have characterised loan negotiations 
in the past have materially retarded the development 
of the country, as they enabled the Government to 
obtain money on terms which could only result in 
enormous waste and extravagance, in addition to 
added burden to the country, for the greater the 
relaxation of supervision of loon expenditure the 
higher the interest asked for. 
As a typical instance of pre-war loan negotiation, 
take the case of the six-nation reorganisation loan of 
1912. On February 17 of that year the Provisional 
Government of the newly-made Republic approached 
the representatives of the four banks supported by 
the Governments of Great Britain, France, German s 
and the United States, and suggested that these 
banks should undertake to finance China to the 
amount of 60,000,000/., to be paid in equal instal- 
ments during the next five years. It was further 
suggested that the banks, to enable the Government 
to cope with a critical situation aggravated by the 
mutiny of the bulk of the Peking garrison, should 
at once advance about 100,000. This was done, 
the respective Governments consenting, and on 
March 11 the banks agreed to finance the larger 
loan subject to certain guarantees, the most 
important of which was a provision for effective 
supervision of expenditure of the loan. 
This was the last thing the republican Government 
desired, so an agreement was immediately concluded 
with a Belgian group supported by the Russian 
Government for an immediate loan of 1,000,0007. 
with the option of 9,000,0007. more. The interest 
on this loan was to be 2 per cent. higher than on the 
Four Banks Loan, and the only railway in the 
country built and managed entirely by China was 


on mining in China are three 
than in the United States, 
a weak central government, local opposition, badly- 
defined boundaries, 
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The following are the percentages of the average 
market value of the metal mined at present and 
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point of fact these two nations not only obtained 
the right to participate with money which would 
be supplied by either London or Paris, but they 
also obtained a guarantee that the proceeds of this 
loan should not be used to develop Manchuria or 
Mongolia to the detriment of their illegal special 
rights in those regions. 

The above instance is sufficient to show the need 
of solidarity in matters of international finance 
in dealing with a country at the stage at which 
China now is. China must in future get her money 
from an internationally-controlled source and from 
nowhere else, or her development will be retarded, 
and the creation of the class of Chinaman capable 
of efficiently handling large enterprises indefinitely 
postponed. 

It should be said here that this idea of freeing the 
railways from political influence, though indefinite 
in its details, has met with general approval in the 
country, the Japanese and those under Japanese 
control excepted—this party is, of course, doing 
its utmost to wreck the scheme, alleging that it will 
mean the domination of China by Great Britain and 
the United States. In refutation of this suggestion 
it is only necessary to instance the history of the 
existing Customs Service, on which China’s credit 
rests, and which in spite of powerful international 
control has never endangered China’s sovereignty 
in the slightest degree. 

As a reminder of the extent of our interest in 
railway concerns in China, it should be stated here 
that the foreign debt for railways alone amounts to 
some 37,000,0001., of which we have lent over 
11,000,000/., that we are further commitied to the 
construction of some 720 miles, for which 6,000,0007. 
is required, and that we hold concessions for the 
construction of another 1,490 miles ofrailway. This 
capital and future capital, though perhaps small 
in comparison with our stakes elsewhere, should 
surely be efficiently looked after with a view to 
obtaining the utmost out of what we have or are 
about to invest, and also from the point of view 
of our hold on what will be one of the world’s greatest 
markets. The policy of internationalisation would 
therefore appear to be not only the best in the 
interests of China, but in our own also, as China 
would cease to be the happy hunting ground of the 
purely selfish and denationalised financier who has 
been responsible for so much of our troubles and 

humiliations not only here but elsewhere. We should 
consider how Germany was allowed to rob us of the 
just development rights of the Smyrna Railway, 

how French support was obtained for the gigantic 

swindle of the Baghdad Railway, and how nearly 

German influence became predominant in Portu- 

guese West Africa, all as a result of uncontrolled* 

stock exchange manipulation. 

After railway reform the most needed reform is 

that in connection with mining law. In the first 

place the foreign holding in a Chinese mining 

company cannot at present exceed 40 per cent. of 

the total capital, and, further, with the exception 

of missionaries, and Japanere in the railway zone 

in Manchuria only, foreigners cannot own land in 

China. These two laws constitute an effectual 

bar to all industrial progress, for they imply Chinese 





control of Sino-foreign ventures, a condition not to 


be tolerated under present conditions. 
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Compare these taxes with the 2} per cent. on gold 
and silver and the 1-8 per cent. on coal demanded 
from mining concerns by the Mexican Government. 

Chinese explosive law should also be amended 
as soon as possible, as at present foreign companies 
requiring explosives are compelled to apply through 
the local provincial governor for a permit to import, 
and he again cannot grant such permit without 
reference to Peking. In Chinese hands, especially 
if not friendly, this becomes an intolerable obstruc- 
tion. Further, the customs restriction on the 
import of saltpetre, a name which is loosely applied 
in China to many salts, and thus places a useful 
weapon at the disposal of the unfriendly official, 
in addition to those restrictions on the importation 
of sulphur, brimstone and spelter, all of which are at 
present Government monopolies, should be removed. 

Lastly, the law, which demands inspection by a 
Government official of all mining properties prior to 
starting working, causes most vexatious delay and is 
another loophole for that passive obstruction so diffi- 
cult to specify and at which the Chinese official excels. 

Tt should be said here that Chinese mining law 
seems to have been drawn up regardless of the grave 
risks of all mining business, and with an altogether 
exaggerated idea, not only of the mineral resources 
of the country, but also of the fact that a mine 
is a progressively depreciating asset. Also China 
should be reminded that our treatment of her 
nationals in the Federated Malay States, not only 
in connection with mining, in which we have done 
everything to encourage the industry irrespective 
of race, but also in every other branch of industry, 
demands a quid pro quo in the shape of similar 
good treatment in China. It should not be forgotten 
that the wealth of the rich provinces of Kwantung 
and Fukien is largely in the hands of returned 
emigrants from the Malay States who made their 
fortunes there as a result of the security and equality 
of opportunity, given by our rule. China should be 
made to realise our power and also our great for- 
bearance in our treatment of her in the past. 

Other urgent reforms in connection with industrial 
development are those relating to likin and money. 
Likin is the interior customs tax in China, and its 
exaction is in no way regularised, and depends 
largely on the needs of local officials, who also have 
the power to increase the number of places on a 
trade route at which this tax can be levied. It is 
easy to imagine the barrier to industrial expansion 
constituted by such irregular and annoying taxation. 
In many cases the effect of numerous likin barriers 
have been to force all traffic to take less feasible 
routes with consequent advance in the price of 
imports brought by these routes. 

With regard to the money question, in the 
remoter districts of China away from the railway 
zones, there is a multiplicity of standards most 
hampering to trade. Thus in one case, by no means 
exceptional, in a journey of 120 miles, the following 
standards of coinage were in circulation:—for the 
first 30 miles the standard silver dollar and notes 
were current, for the next 70 miles a Portuguese 
dollar of 1793 was in use, and for the remainder of 
the journey “ cash,” a brass coin of which 1,200 are 
worth about 1s. 8d., was in circulation. The rates 
of exchange are continually fluctuating, and can be 
manipulated of course to kill industry to which 
officialdom is unfavourable. Further, the absence 
of reliable banks is a great handicap to foreign 
co-operation in Chinese concerns, for Chinese 
banking methods are much too risky to meet with 
Western approval. 

Finally, in order to secure the co-operation of 
foreign capital, Chinese company law must be 
amended to make the payment of interest out of 
capital illegal. At present Chinese shareholders 
regard their holding in a concern purely as a loan 
and expect to get their interest as if from a mortgage. 


Under present conditions all sound sino-foreign | 


concerns are compelled to register either in Hong 
Kong or London and incur the expense of office up- 
keep in either place. 





THE TECHNICIAN. 
Scrmnce, technics and practice are the three 
main divisions in industry, that is if science will 
allow herself to rank as an industrial division at all. 





Apart from this all material problems may be 
attacked scientifically, technically or practically ; 
the distinction usually given between science and 
practice is that the first concerns itself with the 
entire range of a subject in sequence while practice 
is concerned only with the immediate issue. It 
will be seen, therefore, that technics occupy an 
intermediate position, for while science is un- 
concerned as to the results of gained knowledge, 
and practice devotes its exclusive attention to the 
affair of the moment, technics must give heed to 
both ; its concentration is upon practical problems 
in the light of scientific result. 

Hence the technician must possess a mind of a 
practical type of scientific training. As a matter 
of fact technics cannot be divorced from practice 
in any remote manner, for it is the results of practice 
which found technique. The technician must 
possess a firm grasp of fundamental principle, only 
when the results of practice are co-ordinated, 
assembled and digested can there be a technique 
of any subject, further than this the underlying 
principles must be rescued from the great mass of 
irrelevant material and shown in high relief. 

The technician is broad or narrow, precisely as 
the field wherein he works, possibly the broadest 
field may be termed constructive engineering, the 
narrowest, some specialised craft sub-section. To 
deny the title of technician to a specialist would be 
to falsify the basis whereon broader technics is 
founded. Take two instances, both modern, 
gearing and grinding ; there are men in both fields 
whose grasp of essentials and practice is extra- 
ordinary, or that of heat treatment of steel apart 
from the general province of metallurgy; such 
individuals are as minute in method as fertile in 
origination, as competent to track down the factors 
in any given case as any scientist. 

Such men are technicians in the fullest sense of 
the term, for their specialised endeavour demands 
large resources of knowledge and the formulation 
of underlying principles. As time passes, the 
specialised technician becomes more and more 
pronounced in every industry. The lapse of a few 
years and the abstruse problems yield to patient 
endeavour and become simpler, the principles dis- 
covered and another chapter is added to mechanical 
evolution, those who have followed the developments 
in process of the last decade must understand what 
is meant. Such technicians are more closely allied 
to the scientist than they would themselves credit. 

The broader type has more elbow room, for 
although his concentration is not less intense the 
component minute are of greater visibility until 
we come to the modern engineer in any field, who 
is more co-ordinator and less the detail expert. 
Whether he be concerned with production, con- 
struction, design, organisation, power or mechanism, 
he works largely upon faith in specialised activity, 
the results of which he comprehends but which he 
would be unable to carry out personally. 

In every case personal and original mentality is 
exercised, and this differentiates the technician 
from the craftsman, although it may frankly be 
stated that brains are needed in every capacity, 
however humble in the engineering field. Still the 
distinction must stand, for technics is the application 
of principle to practice in an individual capacity 
without exact duplication or repetition. 

It matters little with what actual materials the 
work is done, whether with lines on paper, on the 
test bed in the laboratory, or the actual shop, there 
are technicians in all capacities, as there are 
mechanics in all. The commercial is alone excepted, 
for although there is a technique of business it is 
not technical from the present point of view. The 
fact that a man draws for a living does not make 
him a technician, he may detail to instructions, if he 
estimate it may be from pure precedent, he may be 
employed in a technical category and yet do routine 
work. The distinction is really whether he con- 
tinuously exercises original thought on novel 
problems, applying principle to practice. 

While every man in the industry is the better for 
theoretical knowledge, the training of the technician, 
competent and able, is a matter which has exercised 
the minds of the most able in the profession. To 


be a technician is not to be an exclusive, his work 
must inevitably dovetail into that of others. Asa 





consequence its beginning at least must be broad 
and comprehensive. It is one sterling merit of the 
vast territory described as engineering effort that it 
is truly democratic and nothing wil] make it other 
wise, it matters little in what capacity entrance is 
effected, it matters a great deal as to the quality of 
the entrant, granted intellect and capacity there 
are endless possibilities to the enterprising who wil! 
fit themselves, the witness to the truth of this is 
to be found in the biographical notes in the engineer- 
ing press. This fact alone has furthered the path of 
evolution until there is no other business which can 
claim the same progress in an equivalent period of 
time. 

The opportunity to become a technician in the 
fullest acceptation of the term is denied to none, 
and while systems of training smooth the pathway 
there is yet no royal road to make an engineer. 

The new spirit abroad in industry to-day has led 
to a new appreciation of the man who can tackle 
unusual problems with success, and some surprising 
discoveries have been made; it is to be hoped that 
this new feature in industry will be permanent 
in its effects, for it must be admitted that in the 
past a competent technician could be hired often 
at less than the pay of a machine-shop operator, 
and his treatment be about equivalent thereto. 

It is, of course, a mistaken notion altogether that 
technical attainments are of value only in the 
drawing office, and in this connection it is remark- 
able that the position of shop foremen (a most 
responsible post) should in the past have been 
shunned by the competent technician, trained to 
this end. Experience in the capacity indicated is 
of very real value in production. There has, 
perhaps, been some blindness both sides—on the 
part of the trained technician on the one hand and 
the management on the other. The value to both 
sides would be considerable, for in no other capacity 
can the same view-point be obtained. Instead of 
being as it is at present a dead end, it should be a 
natural and evolutionary step of distinct value. 

Engineering industry minus the technician would 
still be a trade, and an important one, but it would 
crystallise instantaneously and stagnate imme 
diately. His functions are of real and immense 
importance, and the attention focussed on his efforts 
in the recent period has only served to establish his 
real worth. That as many men of considerable 
mentality were under the old conditions willing to 
continue considering the value of trained brains 
elsewhere is, all things considered, remarkable. 
It was the call of the business to the constructive 
mind, and whatever else may be said monetary gain 
was not the main incentive. 

Every man associated knows the interest that 
engineering effort compels, and there has never yet 
been any lack of suitable candidates for one of the 
most strenuous fields of effort known to civilisation. 
Engineering underpins the modern world, and to 
a very great extent the technician underpins the 
industry, without him there would be collapse and 
failure, even with his aid there are troubles enough 
in all conscience to keep him busy. 





EXTINGUISHING AND PREVENTING OIL 
AND GAS FIRES. 

Dur1ne the ten years, January, 1908, to January, 
1918, approximately 12,850,000 barrels of oil and 
5,024,506,000 cub. ft. of gas were destroyed by fire 
in the United States. The 503 fires caused the 
death of 150 persons and permanently disabled 
many more, and the property loss amounted to 
25,254,000 dols. Of the fires 310 were attributed 
to lightning and 193 to other causes. In parts 
of Oklahoma and Texas oil fires have become 
so common that the people almost regard them as 
an unavoidable evil; during one summer week of 
1914 lightning destroyed 86 oil tanks, up to 55,000 
barrels in capacity, and the total damage done to 
there tanks and the equipment was estimated at 
1,000,000 dols. Some of these cases, generall 
ascribed to lightning, might more correctly perhaps 
be attributed to electric sparks, being only indirect!) 
or not at all connected with thunderstcrm:, as we 
shall see. But atmospheric electric discharges a1¢ 
undoubtedly responsible for most of these fire 
which are far more common in summer than |) 
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winter. Since we cannot control the accumulation 
£ atmospheric electricity, the first question is how 
to extinguish an oil or gas fire that has broken out; 
the consideration of observations made during such 
fires may suggest preventive measures. 

The most common and convenient extinguishing 
agent, water, puts the fire out because it cools the 
flame while being evaporated, and forms a cushion 
of incombustible steam over the burning mass 
which smothers the flame by shutting out the 
oxygen. But water and oil do not mix with one 
another; when the first direct cooling effect fails, 
the burning oil floats on the water and may be 
spurted about and carried away and spread the 
danger. The fire is therefore often at once attacked 
by steam which is fed into the oil tanks by 2-in. 
or 3-in. pipes. In closed all-iron tanks the steam 
will answer, as long as there is no hole somewhere 
or some minor explosion allowing the steam to 
escape ; when the tanks are covered with wood, the 
burning wood may re-ignite the oil. For these 
reasons the frothy-mixture extinction has become 
popular in America, though it involves the laying 
down of proper extinction plants. We described the 
frothy-mixture system, the Schaumléschverfahren 
Perfekt, of Berlin, in our issue of January 17, 1912, 
and referred in subsequent Notes (March 21 and 
April 15, 1913, pages 401 and 536) to successful 
trials of the system in London and in the United 
States. The essence of the method is that two 
solutions—one of sodium carbonate or bicarbonate 
to which some frothing material is added, the other 
of alum and sulphuric acid—are mixed at the mo- 
ment when wanted. The alumina and soda, together 
with the frothing agent, form a heavy blanket on 
the burning surface over which they are spread, 
so that the fire is stifled. The froth must last a 
sufficiently long time to prevent spontaneous 
rekindling of the fire. So far as possible the dis- 
tribution of the froth mixture should be automatic, 
for the fight against fires of oil and natural gas is 
exceedingly dangerous, and the extinction plant 
should therefore be well designed. The installation 
put down by the Associated Pipe Line Company, of 
Coalinga, California, exemplifies this. The installa- 
tion is fully described and illustrated in Bulletin 170 
of the United States Bureau of Mines. This publica- 
tion, drawn up by C. P. Bowie under the title of this 
article, is a very instructive paper which gives also 
much useful information on other methods by 
which oil and gas fires have been fought and can be 
prevented. 

The two solutions used at Coalinga consist A of 
10 parts by weight of crystallised aluminium 
sulphate, half a part of sulphuric acid (66 deg. Bé) 
and 100 parts of water ; and B of 7} parts of sodium 
bicarbonate, 14 ground glue, 4 glucose, Be arsenious 
oxide, to 100 water. The bicarbonate gives carbon 
dioxide, which itself stifles the fire; the glue and 
sugar keep the aluminous froth sticky. The object 
of adding the arsenious acid (or oxide) is not 
explained ; it may have been an accidental impurity 
in the first instance, to which the company after- 
wards adhered ; it may be added to prevent fouling 
of the glue, in the place of the salicylic acid and 
other sterilising agents of other mixtures. But it 
seems to be a very undesirable ingredient; the 
arsenic would pass into the oil and into the gases 
and vapours from lamps, &c., and arsenic is most 
dangerous in the gaseous state. 

The Coalinga plant is to protect four 55,000-barrel 
tanks (114} ft. diameter) and several smaller oil and 
fuel oil tanks (the latter 8 ft. in diameter), of about 
120,000 barrels altogether. Assuming that 1 gallon 
of solution gives 6 gallons of foam, and that a 
blanket 5 in. thick should be supplied in 5 minutes, 
6,200 gallons of each solution would be required to 
cover all the oil once with 5 in. of foam. With a 
liberal safety allowance two solution tanks, each of 
15,700 gallons, have been installed, made of 
galvanised iron, all seams riveted and soldered. 
Che acid tank A is lined with lead; the roofs are 
wood. The delivery of the solution is by two 
centrifugal pumps—hardly the best pump type for 
proportioning the liquids—each driven by a 110-h.p. 
steam turbine; the impeller of the acid pump is 
made of acid bronze. The soda tank is placed 
immediately above the acid tank; the pumps 
discharge into a pipe system fitted with five 5-in. 





valves, the stems of which are so connected by 
sprocket chains that solutions A and B are simul- 
taneously, and at the same rate, discharged into 
the mixing box. Each oil tank has its own mixing 
box placed on its outside so that an accident in 
the tank need not destroy the box and pipe system. 
In order to insure that the foam would not coal- 
esce before reaching the oil level when low down 
in the tank, foam slides fitted with baffles were 
originally provided; but it has been found that 
the foam will bear a drop of 20 ft. and more. The 
solutions are steam-heated and agitated during the 
preparation. The plant was laid downin 1914; the 
cost complete is stated to be only 8,500 dols., 
including turbine, pumps and pipes, which would 
be about 3 cents (1}d.) per barrel of oil protected. 
The works being an oil-pumping station, steam is 
always kept up, it should be mentioned, and no 
extra foam pump is wanted, so that the maintenance 
costs very little. As it happens there has been no 
oil fire at Coalinga, and the plant has not yet 
been put to any practical test; but the plant is 
inspected every week, and has been thoroughly 
tested to satisfaction several times. 

A fire was, however, extinguished by a similar 
plant of the Gulf Refining Company, Port Arthur, 
Texas, on July 19, 1916. Daily inspection is the 
rule there, and on approach of a storm the brigade 
men are sent to the pump houses. At 10.50 a.m., 
of that morning, three tanks were struck by 
lightning, two of 6,000 barrels and 7,000 barrels 
(the latter containing gasoline distillate), the third 
(90 ft. by 30 ft.) of 33,700 barrels capacity containing 
28,400 barrels of gasoline at the time. Lightning 
probably struck the second tank, which blew its 
wooden roof off and set fire to the others. The 
foam was first sent to the third tank, the fire in 
which was extinguished within 20 minutes; 10 
minutes later the fires in the other two tanks, to 
which the foam does not appear to have been 
admitted till 11.10, were also out. Opportunities 
were favourable for watching the fire in the second 
tank, and it was seen that the 6-in. blanket quite 
covered the tank within 5 minutes and that every- 
thing worked as expected, although this was the 
first time a fire was fought. Only 191 barrels were 
lost altogether. 

The roofs in question were built up of wood and 
roofing paper, and Bowie points out that all the 
tanks reported to have been struck by lightning 
had such roofs or leaky iron roofs through which 
hydrocarbon vapours would be able to escape. 
It is quite likely indeed that local sparking 
may cause a fire, especially when the air is highly 
charged with electricity, without actual lightning. 
After lightning flashes, pillars of fire have been 
observed before the actual oil fire started, and in 
some cases oil has been found burning quietly, 
though there had been no lightning and the roof 
was found intact. Bowie, in this connection, draws 
attention to recent cases of fire observed in garages 
at Boston. A chauffeur suspended a 5-gallon can 
by its wooden handle from the hook of the gasoline 
pump ; suddenly he heard a snapping noise, and the 
can was in flames. He managed to extinguish the 
flames ; but when he started refilling the same can, 
it burst into flames once more. Filling a gasoline 
tank through a rubber hose has also caused fires, 
no doubt owing to static charges which accumulated 
until a spark jumped from metal to metal, from the 
can to the pump or from the nozzle of the rubber 
hose to the tank. To overcome the dangers of 
atmospheric discharges, the Texas Company builds 
its storage-farm tanks gastight, all in steel, and 
provides them with a 12-in. vent which is carried 
from the roof down to the ground and along the 
ground, beyond the ditch and earth mound sur- 
rounding the tank, to a standpipe, 10 ft. high. A 
piece of wire gauze is fixed over the outlet of the 
standpipe ; all the vapours from the oil in the tank 
escape through this pipe, and if it should be struck 
by lightning, the flame would not as a rule strike 
back into the pipe. In case it might do so, how- 
ever, the tanks are provided with explosion doors 
which, when forced out, would fall back into 
position and shut out the air. So far none of these 
tanks has been struck. Bowie thinks of absorbing 
or condensing the vapours; that, however, might 
frustrate its object. 





Arrangements of the kind described can hardly 
be made to anticipate fires of gas-wells and oil 
wells, and the expedients used there must be 
adapted to the particular circumstances, and are 
sometimes peculiar. When the gas flow is con- 
fined in one stream from a pipe or casing, the 
problem is easy. The flame, unless very small, 
will always be some distance above the casing, 
and when the gas pressure is high, there will 
be a column of non-burning gas of considerable 
length. An energetic stream of water or steam is 
directed against this column, and if the gas column 
is once interrupted by the steam or water, even a 
big flame will be extinguished. When the gas and 
oil also escape from several spots, however, for 
instance through a leaky valve, below the outlet, 
the problem is more difficult because everything 
gets too hot. In one of these cases the Standard 
Oil Company at Taft severed the pipe below the 
valve by means of rifle shots ; it took 40 shots to do 
vhis. When steam is to be used it is customary to 
surround the burning well with portable boilers— 
as many as 30 have been brought up—and a system 
of goose-neck pipes which gave a powerful fan 
spray. The men working the steam are protected 
by sheet-iron and asbestos shields and are fre- 
quently themselves kept soaked. By the aid of 
sprays meeting one another at 90 deg. a burning 
well was extinguished in Monroe, Louisiana, in 
1917, which was credited with sending 40,000,000 
cub. ft. of gas into the air daily ; the shields were 
pushed up within a few feet of the fire. 

The hood method of H. O. Ballard, of the Empire 
Gas and Fuel Company, works on the candle- 
extinguisher principle. By means of rope and 
tackle a conical hood is put over the flame; this 
hood is provided with valves and ends above in a 
long smokestack pipe. This was 20 ft. long and 
had a diameter of 14 in. in one case illustrated in 
the Bulletin. When the hood is in vertical 
position, some valves are closed; the pipes may 
have to be extended to a safe distance before the 
valves are manipulated. At Tulsa, Oklahoma, an 
oil operator, M. Moore, stifled in this way a gas fire 
which consumed 40,000,000 cub. ft. of gas in 
addition to 500 barrels of oil daily. The con- 
ditions were favourable because the well was in 
the bottom of ariver bed across the banks of which 
a cable line for the hood and the 30 ft. of 36-in. 
smoke stack could be stretched. Oil-well fires are, 
on the whole, the most dangerous, since the ground 
is dried up and made so hot that the flames keep 
on rekindling. In the Humble field, Texas, C. P. 
Clayton stifled the fire of a flow of 6,000 barrels 
daily in the following way in 1916. The well 
being located in heavily-timbered country, he first 
cut down adjacent timber, stumps, &c., brought up 
29 boilers for an extensive pipe system, and sur- 
rounded the well by a ditch and mound, 50 ft. in- 
radius. Another circular ditch and mound were 
built further off to secure the oil after being caught, 
and the two ditches were connected by a straight 
mound, 218 ft. in length; this straight mound 
served as conduit for a 36-in. smoke stack into 
which the oil stream was to be deflected. When 
the preparations were ready, a wedge nipple, 8 in. 
in diameter, asbestos lined, was placed over the 
spray of burning oil which was being discharged 
from a tool joint. This nipple was joined to a 
horizontal 3-in. pipe which was worked by the men 
from behind their shields, until the flame was made 
to enter the buried smoke stack, where it died, 
everything exposed being kept soaked all the time. 
Conditions must have facilitated the work, which 
was completed in 17 hours; the actual quenching 
of the flame took only 15 minutes. 

In another case Clayton had adopted entirely 
different measures. A well, subsequently found to 
give 48,000 barrels of oil daily, had been ignited by 
the spark of a broken power cable. For six days, 
36 boilers in vain flooded the well with steam; the 
burning oil spread to a distance of 100 ft. from the 
well. Something else was then tried. The well was 
on a hillside. A horizontal tunnel, 4} ft. wide, 
328 ft. long, was driven through the ground so as to 
strike the outer well casing 18 ft. below the surface. 
There were three casings, of 10 in., 8 in. and 6 in. 
respectively ; a split clamp was put round the outer 
casing. With the aid of a chain drive and a special 








318 











[SEPT. 5, 1919. 








4-in. case-hardened bit, which had a 2-in. hole in 
one of its sides, a hole was bored through the three 
casings; when the bit was in the centre of the 
casing, it was turned so that the hole mentioned, 
so far on the upper side, looked down into the 
well. The bit had been joined to a length of piping 
reaching out of the tunnel, and through this piping 
asbestos shavings were forced into the inner 
casing under a pressure of 1,200 lb. per square 
inch; the casing was thus temporarily sealed 
by the shavings. After a few minutes the bit 
was turned again so that the hole looked upward. 
When the oil which had collected within the 
mound surrounding the well mouth had burned 
out, the fire was over. But it had been burn- 
ing for 26 days! Very interesting is also the ex- 
pedient which M. E. Lombardi, of the oil depart- 
ment of the Southern Pacific Railroad had adopted, 
in 1913, in the Midway Oil Field, California. The 
well had been drilled by the rotary system on the 
downward slope of a hill, and had caught fire, after 
the premature outbreak of oil, while the rotary table 
was still in its place. This table formed a baffle, 
and the oil spurting out produced a crater 50 ft. wide 
and 40 ft. deep. Steam extinguished the fire, which 
always broke out again, however. The ground was 
a heavy clay ; Lombardi excavated a clay pit some 
200 ft. from the well and 30 ft. above it on the 
hillside, and had a ditch dug from the clay pit down 
to the well. The pit was filled with a fluid mud 
which was discharged down the well, three times in 
rapid succession. That stopped the fire, but only 
on its sixteenth day. 

Many fires are, of course, hopeless from the 
beginning, and prevention by careis easier than cure. 
Insulating handles and hoods for cans and bails 
should be avoided, and the metal of the funnel 
should be electrically connected with the tank and 
the ground, by a metal chain. The Steel Company, 
of California, earths the tank in the garage. The 
nozzle of a hose should be kept in actual contact 
with the metal of any tank being filled. Big tanks 
should be all built of steel and pipe lines earthed ; 
suction pipes should be provided for emptying 
tanks from below ; and all measures taken, of course, 
to keep fires and electric sparks away from the oil 
and gas. Frothy mixtures will do well in garages, 
where sawdust, even dry, also renders good service, 
because the fumes stifle the fire. Carbon tetra- 
chloride and other extinguishing agents are also 
useful. But caution is the first essential. 





NOTES. 

Vevocitry oF SOUND AND THE SpectFic Heats oF Arr. 

In 1905 T. C. Hebb, now of the University of 
British Columbia, then at Chicago, determined the 
velocity of sound by a new method which seemed 
to give very accurate results. The method implied 
a certain value for the ratio of the specific heats of 
air, at constant volume and at constant pressure, 
which ratio is generally expressed by the symbol 
y. It resulted later that this +, as calculated by 
Moody, 1-4003, was smaller than the value generally 
assumed and especially the values obtained by 
various observers using the method oi Lummer and 
Pringsheim, who themselves found ‘y = 1-4025. 
Hebb recently pointed out (Physical Review, July, 
1919) that Moody had neglected to make one cor- 
rection, and that he himself had failed to apply 
another correction in deducing the velocity of sound 
in dry air at 0 deg. from observations made in 
moist air at some other temperature. He therefore 
repeated his determination of the velocity of sound 
with the same apparatus which he had used in his 
former experiments in ‘he Ryerson Laboratory 
of the University of Chicago, to which Hebb re- 
turned for his new series of experiments. Two 
co-axial paraboloid reflectors and two telephone 
transmitters were used. The one transmitter was 
placed in the focus of the first paraboloid, the other 
near the focus of the second paraboloid. The source 
of the sound was placed in the focus of this second 
paraboloid which was kept stationary whilst the 
first was moved, always remaining co-axial with the 
first, however. Each transmitter was in series 
with a battery and one of two primary coils, the 
telephone receiver being in series with the secondary 
of the two primary coils. When the second parabo- 








loid was being moved, the sound in the receiver 
passed through maxima and minima in positions cor- 
responding to the wave-lengths of the sound used. 
The range of motion was about 100 ft. The experi- 
ments were made in a closed hall protected against 
wind, and thermometer and hygrometer measure- 
ments were made at 11 spots. In the old experi- 
ments Hebb used a whistle as source of sound; 
in the new series he made use of a set of tuning 
forks ranging in frequency from 1280 to 3072 
periods per second. The mean value for the 
velocity of propagation of sound V, in dry air at 
0 deg. thus found was 331-26 m. per second, in very 
close agreement with the mean value of 1905, 
331-29 m. But the above-mentioned correction 
required for the conversion of the data observed 
in moist air to dry air slightly weakened the agree- 
ment. When allowance was made for the fact that 
the ratio of the two specific heats is not the same for 
moist air as for dry air, the new and the old values 
of the velocity of sound were respectively 331-44 m. 
per second and 331-38 m. per second ; yet the agree- 
ment remains very satisfactory. As regards the value 
of y the old and new determination yield the figures 
1-4026 and 1-4031 when all the corrections spoken 
of are made, whilst Moody had in 1912 calculated 
1-4003. The mean of the two values of Hebb 
would be y = 1-40285, which is almost exactly 
the value which theory would lead one to expect 
for a gas like air which may be said to consist of 
99-05 per cent. of oxygen and nitrogen and 0.95 
per cent. of argon. The values of y found by other 
observers are: Lummer and Pringsheim 1-4025, 
Moody 1:4003, Partington 1-4034, Miss Shields 
1-4029—all these by the Lummer-Pringsheim 
method, whilst Hebb deduced his y from the 
determination of the velocity of sound. 


GLYCERIN MANUFACTURE BY THE FERMENTATION 
oF SceGar. 


It has long been known that the ordinary 
alcoholic fermentation of sugar yields about 3 per 
cent. of glycerin, and the study of the fermentation 
has shown that the conditions favouring a rapid 
fermentation, by the selection of a suitable yeast and 
by feeding the yeast with nitrogenous compounds, 
also favour the production of glycerin. Under 
ordinary conditions there is little object in increasing 
the glycerin percentage ; when the explosive in- 
dustry found a valuable material in glycerin, the 
fermentation process received further attention, 
and some glycerin was, in fact, isolated from the 
distillery residue before the war. But the fermen- 
tation process for the manufacture of glycerin was 
not worked out until the blockade deprived Germany 
of the imports of fats. It was rumoured during the 
war that the protol of the Protol Company was a 
fermentation glycerin due to the researches of 
Liidecke and Connstein. Particulars were not 
published, but they have recently been given by 
Connstein in the Wochenschrift fiir Brauerci of 
May 10, 1919. It would appear that as many as 
63 factories were at one time engaged in this glycerin 
manufacture, but that only a few persevered with 
it. Yet an output of 1,000 tons per month is 
spoken of. The first important fact established by 
Liidecke was that to produce glycerin, the fermen- 
tation should proceed in the presence of an alkali, 
and that sodium sulphite, a relatively inexpensive 
alkaline substance, answers very well. This sul- 
phite has the advantage of not injuring the yeast, 
which is very sensitive to some chemicals. A 
solution of 1 kg. of sugar on 10 litres of water, to 
which 400 grammes of the sulphite are added 
together with the usual food for the yeast, alkali 
phosphates and sulphates, was completely fermented 
by 100 grammes of yeast in a few days. Quantita- 
tively the products were 20 per cent. and more of 
purified glycerin, 27 per cent. of alcohol and 3 per 
cent. of aldehyde. There is, of course, always 
considerable evolution of carbon dioxide. In 
general the glycerin percentage rises with the amount 
of sulphite present, whilst the alcohol percentage 
decreases at a roughly corresponding rate. To 
separate these products the yeast is filtered off; 
the alcohol and aldehyde are recovered by dis- 
tillation; most of the salts are precipitated by 
adding calcium chloride and sodium carbonate to 
the liquid and are therefore partly recovered as well, 





and the glycerin is finally obtained by distillation. 
This latter distillation is not free of difficul- 
ties, as is the case also when glycerin is manu- 
factured in the ordinary way by the decomposition 
of fats; the new process had other serious 
difficulties to overcome. On the other hand, it 
is said that any sugar and also molasses and any 
kind of yeast will do, and that the fermentation 
temperature has practically no influence; the 
yeast, though modified, can be again used. These 
statements do not quite agree with the results of 
experiments which were started in the United States 
by J. R. Eoff, W. V. Linder and G. F. Beyer, of the 
Internal Revenue Bureau, when information about 
the German process had leaked out. An account 
of these researches was given by Arthur R. Ling in 
the Journal of the Society of Chemical Industry 
(London) of May 31 last. The American experi- 
menters recommend pure cultures of saccharomyces 
ellipsoidus (var. Steinberg) and 5 per cent. of 
sodium carbonate gradually to be added to the 
sugar solution fermented at a temperature of 30 deg. 
or 32 deg. C., and they are, on the whole, more 
restricted as to the conditions of the fermentation. 
They worked with Porto Rico molasses, known as 
“black strap,”’ but their glycerin was not pure, and 
the financial chances of the process did not look 
favourable. The cost was not mentioned in the 
German publication; probably protol is merely 
a war industry. At the same time Ling very pro- 
perly points out that in Australia and Fiji molasses 
are at present discharged into the sea, and that a 
recovery of both the alcohol and glycerin would 
alter the aspect of the problem, as the American 
workers had also recognised. 





THe Nationa PuysicaL LaBoratory.—The Lord 
President of the Council has appointed Professor Joseph 
Ernest Petavel, D.Sc., F.R.S., M.I.Mech.E., &c., to be 
Director of the National Physical Laboratory in succession 
to Sir Richard Glazebrook, C.B., F.R.S., who retires on 
reaching the age limit on Spetember 18 next. Professor 
Petavel is Professor of Engineering and Director of the 
Whitworth Laboratory in the University of Manchester. 
He is a member of the Advisory Committee for Aero- 
nautics of the Air Ministry. He was educated at Uni- 
versity College, London, and undertook scientific research 
at the Royal Institution and at the Davy Faraday Labora- 
tory until 1898. He was elected John Harling Fellow of 
the Owens College, Manchester, in 1900, and was scientific 
manager of the Low Temperature Exhibit of the British 
Royal Commission for the St. Louis Exhibition, 1904. 


ATTACK OF POWDERED GLass BY WATER AND AcrIps.— 
In testing the stability of various glasses when in contact 
with water and chemicals, it is customary to powder 
the glass so as to hasten the solvent effect by increasing 
the surface on which the water can act. The tests 
are further conducted in boiling water or at higher 
temperatures. Both the powdering and the high 
temperatures are certainly open to objections, and the 
tests can hardly give comparative results, when they 
are not performed under the conditions to whieh the 
material will subsequently be exposed. That objection 
is raised against all accelerated tests. In the Comptes 
Rendus of August 18 last, Paul Nicolardot recommends 
series of tests, conducted at temperatures of 100 deg., 
120 deg., 140 deg., 160 deg. C., such as he performed 
in 1916; only in exceptional cases would he go to tem- 
peratures of 183 deg., which Mylius uses at the Reich- 
sanstadt, as Nicolardot considers this temperature as 
altogether excessive. The tests of various French and 
other glasses of which he gives particulars were, how- 
ever, made after three hours’ boiling of the glass, in water 
or in hydrochloric acid. He takes either whole glass 
blocks or powdered glass, sifted through screens, which 
he distinguished as coarse, medium and fine powders ; 
his figures express the loss of weight in parts per 1,000 
parts of glass. The figures were for a Jena glass, whole, 
coarse, medium or fine powder respectively, 0-09, 0-25, 
0-75, 2-75; for a Krasna glass, 0-44, 4-25, 9, 61-5; 
these were the best and the worst glasses tested. In 
the diluted hydrochloric acid the figures for the Jena 
glass were 0-03, 2, 5, 40; for the Krasna glass, 0-03, 2, 
6, 49. Thus the attack increased very much with the 
fineness of the powder. When the loss of weight is 
reduced to unit surface, however—so far as this is possible 
by estimating the surfaces of the powdered particles— 
the attack remained fairly constant in the case of water, 
the increase in the loss of weight suffered by the fine 
powdering being slight. This is, of course, the argu- 
ment on which the advocates of the accelerated tests 
rely. But the argument does not hold for the acid, 
in which the fine powders all lost two or three times as 
much in weight as the whole glass, and all more 
generally than in water. The results are contrary to 
e ‘tation in two respects. First of all, water is 
believed to attack the whole glass of glass vessels as 
much as acid, if not more, and, secondly, one does not 
see why the fine powdering should have so markedly 
a stronger influence in the case of the acid, in which, 
moreover, the difference between the different kinds of 
glass were far less striking. 
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Shore Processes and Shoreline Development. By Dovctas W. 
Jounson, Associate Professor of Physiography, Col- 
umbia University. New York: John Wiley and Sons, 
Inc. ; London: Chapman and Hall, Ltd. [Price 23s. net.] 

SEVERAL works have appeared lately on the sub- 

ject. of coast erosion and protection, but dealing 

rather with the cumulative effects of wave action 
in altering the configuration of the shore line, than 
in tracing the origin or the mode of operation of 
the forces at work. Royal Commissions have 
listened to much expert evidence on the subject, 
have deliberated on the proper means of preventing 
further depredations, and in bulky reports have 
tendered much good advice and very little assistance. 
These are signs that public attention is aroused 
and, indeed, in some districts the condition of the 
shore defence forces itself on the notice. The 
demolition of the coast line has in places proceeded 
with such rapidity that owners see their landed 
estate slipping away, but knowing that the cost of 
preservation would exceed the value of the land, they 
watch its disappearance philosophically, conscious 
that the anxiety is being transferred to the pro- 
prietors of hinterland. In other places, the deple- 
tion of shingle beaches has been carried on with 
such reckless avidity that coast authorities may 
well ask for further powers of restraint. The 
recovery of sea-swept lands occasionally makes 
amends, and then advocates for afforestation see 
their opportunity. The consciousness of pecuniary 
loss or the hope of beneficial returns from re-claimed 
land ensures a perennial interest in this subject, 
but Professor Johnson is not concerned with the 
economical side. He wants to understand the 
natural processes at work. He has asked for 
information and been disappointed by the repeti- 
tions and contradictions that too often supply the 
place of rigorous and well-directed observation. 
He has looked for precision and accuracy and 
found vagueness and confusion. An enormous 
mass of detail has been collected, but it is il] digested 
and lacks examination ; generalizations have been 
made from too limited data, and insecure premises 
have led to mistaken conclusions. Even the 


nomenclature adopted is by no means uniform or 


consistent. The author states that an extended 
analysis of the forces operating along the shore with 


a full and systematic discussion of the cycle of 
shore-line development does not exist; and we 


believe this to be true. 


The author’s task to remedy this defect has 
been heavy, and we highly appreciate his laudable 
effort of collecting into a compact form the mass of 
crude and scattered theories and observations that 
have accumulated round this subject, and are too 
often quoted and accepted as authentic. The list of 
consulted works, attached to each chapter, con- 
stitute a valuable bibliography, and one that 
testifies to the thoroughness and industry of the 
We see here, of course, only the facts 
that the author has considered it desirable to retain, 
we know nothing of the mass of diffuse and inaccu- 
rate conclusions that he has rejected. An enormous 
amount must have been discarded, and the weeding- 
out process might, we think, have been carried 
Emphasis is occasionally lost by too large 
while the 
reasoned inferences and deductions of weighty 
authorities are liable to be overwhelmed by less 
capable or less instructed opinion, though it must 
be admitted that the highest and most respected 
scientists not infrequently contradict each other, 


author. 


further. 


a collection from mediocre writers, 


with results that amuse as well as perplex. 


To trace the construction of a wave, even under 
normal conditions, is by no means a simple task, 
stil less that of following its changing behaviour 
and character as it breaks on the shelving shore. 
It is easy to say that unequal atmospheric pressure 
leforms the water surface, creating irregularities 
of level, permitting the wind to press more heavily 
against the exposed positions and less effectively 
on the partially protected depressions, resulting 
finally in regular undulations, but we may be a 
long way from understanding how a wave is formed 
and the motion of its component particles. Yet 
if we would know how a wave acts in fashioning a 
shore outline ; we shall not think Professor John- 


son’s description unnecessary or too prolix. Whence 
comes the energy the wave is capable of exerting, 
for the individual particles move through a com- 
paratively small distance, a distance, moreover, 
that diminishes with great rapidity with increase of 
depth ; and how is this energy transferred, for it is 
only the form of the wave that moves? The kinetic 
energy arising from the orbital motion of the 
particles cannot be initially very large, and this is 
equal to the potential energy due to raising the 
centre of gravity of the entire mass slightly above 
the position occupied when at rest. Without further 
examination these sources seem inadequate to 
explain the rearing of the steep wall of water that 
is occasionally seen thrown against an obstacle ; or 
incapable of removing blocks of rubble cement 
weighing several hundreds of tons. On the other 
hand, accepting the force of waves seen in times of 
storms, it is equally difficult to understand from 
the same superficial examination, why the damage 
wrought is not greater and the destruction of sea 
walls and cliffs more rapid. On such points the 
author’s treatment is not satisfactory ; he is content 
to refer the reader to treatises, more mathematical 
in character, an easy but disappointing manner of 
shifting a difficulty. 

If the intermittent character of oscillatory waves 
presents problems that tax alike the analytical 
power of the mathematician and the mechanical 
ingenuity of the engineer, the work of the constant 
current in coast sculpture is still more complicated. 
The operations of the quietly-flowing current, 
though less dramatic in action, are quite of equal 
importance, but more likely to be overlooked. In 
ordinary waves, the motion of the water is to and 
fro, replacement follows removal with monotonous 
regularity. In waves of translation there is some 
continual forward movement succeeded, however, 
by a halt, but a current of water moving in a definite 
direction carries on the work of transportation 
uninterruptedly. The eroding and conveying power 
of such currents is enormous, and even in tidal cur- 
rents, notwithstanding the motion is periodic, the 
transport longshore of the debris eroded by wave 
action is very considerable. 

Professor Johnson points out, and as we think with 
justice, that the work of the tides in moulding the 
shore line and in beach construction has been 
exaggerated, except in the case of headlands and 
estuaries, where, possibly, the effect of tidal flow 
has been underrated or misunderstood. Much of 
the deposited material existing in the form of fine 
sediment has been assigned to fluvial origin, but 
closer examination proves that the sea, and not 
the rivers, has transported much of these accumu- 
lations that prove so troublesome to harbour 
authorities. The tidal currents charged with 
sediment sway up and down the estuary, depositing 
their burden in some places at times of slack water, 
and eroding other places when the current is swiftest. 
Accumulations are always being diminished by an 
amount conveyed eastward, and as constantly 
renewed by fresh accessions borne towards the land. 
If the amounts balance each other, as probably is 
the case in the Severn Estuary, little dredging is 
necessary ; if the inward flow exceeds that removed, 
as in Liverpool Bay, the harbour engineer has 
trouble. 

But this is a detail into which it is most imprudent 
to enter. The point we wish to make is that it is 
very easy to misconstrue the work of even an 
isolated current. But add to such an agent the 
combined effects of wind currents, ocean cur- 
rents, convection currents, salinity currents, eddy 
currents and many others, remember that all these 
vary in phase, in period, in strength as the outline 
of the shore changes, they approach the shore, too, 
at different angles and act on material differing 
greatly in solidity and cohesion, and the task of 
unravelling the work of each is at times impossible. 
In the past many mistakes have been made in the 
forms adopted for coast protection, because it is 
very difficult to get the true resultant of the many 
forces at work. Those who have had the largest 
experience will view with the greatest leniency the 
errors of others, for in no branch of engineering are 
the forces developed and the methods and directions 
of their application more variable than in the case 
of wave and current action, and the engineer has 








little collected experience to guide him. There is, in 
fact, scarcely an important point connected with the 
subject that is accepted without dispute, while the 
opinions and even the recorded observations of 
skilled engineers are often to all appearance in 
hopeless conflict. How great was the uncertainty 
attaching to some accepted beliefs, and how im- 
perative the necessity for sifting and overhauling, 
we had not appreciated till Professor Johnson con- 
fronted us with actual quotations from leading 
authorities. The author must not expect to escape 
scatheless from the criticism of colleagues. All his 
conclusions will not be accepted; but this is not 
the place to enter into profitless controversy, which 
does not admit of final decision. Professor Johnson’s 
work has this very positive merit, that it has 
lifted the subject to a distinctly higher plane, 
permitting a more general survey, and this wider 
outlook is assisted by sweeping away much irrelevant 
matter leaving the issues as clear cut propositions. 
His purpose of discussing principles in such a way 
as to bring geologists and geographers into sub- 
stantial agreement, as interpreters of the features 
that indicate change of level is a distinct advance 
in the method of treating the subject. 
Professor Johnson holds that a shore profile, 
a term that in his nomenclature embraces the 
shore proper, the shore face, offshore, and coast, 
is early established, whence there is a constant 
loss of debris with consequent motion of the shore 
line landward. This movement is attributed to 
continuous wave action, which of itself is declared 
sufficient to reduce irregular land areas to a plane 
or peneplane of marine-denudation. Simultaneously 
with wave action, the work of fluvial and wind 
action goes on from the land, but the effects, usually 
small in comparison, do not disturb the general 
cycle of shore development, though they may be 
sufficient in amount temporarily to disarrange 
materially the balance of operating forces and lead 
to a wrong interpretation on the part of observers. 
A very general view, which is here combated, 
represents the extent of wave action as extremely 
limited—because the force of the waves is held to 
be exhausted on the beach it has carved. If this 
view be correct, a marine cliff can be gushed inland 
by the waves, for only a short distance, and will 
remain unchanged in position unless subsidence of 
the land mass deepens the water and permits the 
waves further to erode the base of the cliff. Wave 
erosion has indeed been held as a proof, or at least 
as an indication, of land sinking. As a supporter 
of the contrary view, the author maintains that 
marine planation is possible without coastal subsi- 
dence, and that if the land stands long enough, that 
is given practically infinite time, any land area must 
eventually be worn away by the waves. Naturally 
many facts, or examples, are quoted and examined 
in support of this theory, and plenty of evidence is 
adduced, but the difficulty is to hold all the threads 
of the argument, giving to each its dué cogency, 
and to draw a conclusion that reconciles all. More- 
over, we have an uneasy feeling that the cross- 
examination has not been conducted with rigour, 
and that we are the victims of special pleading. 
But everyone will admit the charm with which 
the author puts his case, and the industry displayed 
in the collection of material by which it is supported. 
The development of the shore line, whether by 
submergence or emergence is of particular interest, 
and the formation of beaches, spits, bars, timbolos, 
forelands and deltas is not only clearly explained, 
but the wealth of illustration collected from natural 
features, hydrographic surveys and working models 
is of great use in following the author’s explanations. 
All the generic forms are regarded as characteristic 
of young shore lines of submergence, but no attempt 
has been made to take into account the successive 
stages of these forms. In many cases such a step 
would be premature, for much is at present obscure. 
Their origin is however discussed with some fullness, 
and though the problem cannot be regarded as settled 
very good reasons are given for concluding that 
the influence of wind-formed waves is a more 
potent factor in their production than that of tidal 
or oceanic currents. With regard to the formation 
of offshore bars, there can be very little doubt but 
that the author is right in concluding that their 
origin must be sought in the action of waves breaking 
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up the sea floor, removing the disintegrated materials 
and heaping them up in ridges parallel to the shore. 
Longshore currents carrying shore drift meeting 
with the obstruction, deposit some of their load and 
form a contributory cause. The relative importance 
of each factor, and the time at which either operation 
is most effective, are points not susceptible of 
demonstration and must vary according to local 
circumstances. But in spite of some uncertainty 
and of some apparently decisive observations, there 
is no reason to treat the existence of offshore bars 
as presumptive evidence of coastal subsidence. 
The last chapter dealing with some features such 
as beach-cusps, ripple marks, sand dunes, &c., 
though their influence on shore building is negligible, 
will be read with great interest, for these are pheno- 
mena that live in popular memory. Beach cusps is 
the term applied to the collection of gravel and coarse 
cobblestones, occasionally seen, heaped together 
at comparatively regularly-spaced ridges, which 
trend at right angles to the sea margin and taper 
out to a point near the water's edge. How these 
ridges were formed, what are the conditions favour- 
able to their formation, and similar questions 
connected with their origin, have engaged the 
attention of many enquirers, how many we had no 
idea till reading the author’s criticisms of the various 
theories that have been proposed to explain their 
appearance. None of the suggestions are found 
quite satisfactory, and greatly daring, Professor 
Johnson proposes a theory of his own, which 
probably will prove equally unacceptable to later 
writers. Similarly with ripple marks, a phenomena 
so familiar that it is difficult to believe that anything 
recondite can be hidden under their well-known 
forms, yet these have been the subject of many 
investigations, and various theories are more or 
less in favour. The literature of this subject is 
very extended, but the last word has not yet been 
said by any means. The author contrives to give 
a fresh turn to a well-worn topic by calling attention 
to the value these marks, preserved in a fossil 
state, may possibly have for the geologist, who 
perceives in them the means of determining the origin 
and structure of sedimentary rocks. Lastly, the 
subject of sand dunes is approached, but as these 
may be regatded as only indirectly related to shore 
processes they are passed rapidly by. One would 
have liked to have heard more of their migration 
and invasion of fertile tracts, and of the influence 
of vegetation in delaying their progress. Apparently, 
this impediment is nature’s own method of restraint, 
with which man has wantonly interfered, and for 
which he has to pay the penalty. Some authors 
have seen in the growth and movement of sand 
dunes an indication of variation of level, but in 
opposition to this view it might equally be discussed 
whether their accumulation is not of modern origin. 
It has been remarked that sand dunes are not 
mentioned by ancient geographers, and in the old 
languages of the countries where these dunes are 
now encountered, no specific word is found to 
describe them. But the author has examined so 
many topics and discussed them so thoroughly, 
that it is quite unnecessary to drag in something 
which he has thought to be foreign to his purpose. 
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James Warr: Date or ats Deatn.—In the note 
on the James Watt Centenary and also in the memoir 
of Watt published in our issue of August 22, the-date 
of Watt's death was, by an oversight, given as August 19. 
Used by both Muirhead and Smiles, this date was long 
regarded as the correct one, although the inscription 
on Chantrey’s statue in Handsworth Church gives the 
25th. Arago in his Eloge referred to August 25 as also 
does Bramwell in the Dictionary of National Biography, 
though without pointing out the error in the biographies 
of Muirhead and Smiles. In connection with the Cen- 
tenary celebrations, the committee enquired closely 
into the question with the result that there seems little 
doubt that Watt died on August 25, and!not August 19. 
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7 
(5997) UUNE. JULY. AUGUST. 
Nors.—In the diagrams the figures plotted for tin aud copper are the official closing cash quotations of the 
London Metal Exchange for “ fine foreign” and “standard” metal respectively. The prices shown for lead 
are for English metal, whilst those for spelter are for American metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig iron. The prices given, in the case of steel 
plates, are for ship, bridge, and tank qualities, and those for steel rails'are for heavy sections. The pig iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality and for home consumption. The 
price of tin-plates is per box of I.C. cokes free on board at Welsh ports, but in all other cases the prices are 
per ton. Each vertical line in the diagram represents a market-day, and the horizontal lines represent I/. each, 
except in the case of the diagram santing to tin-plates, where they represent ls. each. 
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GRAPHIC CHARTS FOR PETROLEUM 
BORE-HOLES. 
By T. Stxeron. 

Now that no less than five groups of petroleum bore- 
holes in Great Britain have been decided on, two of | 
which are actually in progress, the system of daily 
record, by means of graphic charts, of the progress 
made, as well as of the accidents, water eruption and 
other difficulties incidental to petroleum search which 
cause delay, may be both interesting and opportune. 
This chart system has been introduced into the 
Californian oilfields, the second largest petroleum- 
producing area in the United States, with a total 
output this century of well over a thousand million 
barrels, of 42 gallons each, equal to an annual average 
of 53,700,000 barrels. Such an output from: our own 
boreholes would at once not only put an end to our 
petroleum imports, it would convert this country into 
a petroleum exporter. These charts have been found to 
be of extreme use, really when once used indispensable, 
as they give the progress made and the results obtained 
at a glance. In the case of our own British petroleum 
hunt there would be obviously one chart for each of our 
five groups of boreholes: the seven in Derbyshire ; 
the three in Nottinghamshire ; the two in Stafford- 
shire ; the two in Midlothian ; and another for those in 


PETROLEUM BOREHOLE DIAGRAM 


|or better it; of course, relying on an average new 


the number of barrels needed to keep it up to its 
average, thus giving a superintendent an idea of how 
much new work he must do to keep up this average, 


well production and modifying this by the known rate 
of each new well. For petroleum purposes three sets 
of charts have been suggested: the first recording 
and detailing the track of drilling operations, the one 
illustrated ; a second one recording the individual 
graphic well log; and another showing a year’s pro- 
duction chart of a lease with the rise and fall and yearly 
average, worked out to show the trend of the lease. 

The chart or diagram illustrated might apply to any 
British or foreign boreholes, it does not represent any 
special district ; but it would obviously be desirable 
for each area to have its own chart; thus it would be 
inconvenient to have the Staffordshire and Nottingham- 
shire boreholes on the same sheet. Should there be a 
considerable number of boreholes in one county or 
district, two or more charts would be desirable to 
prevent overcrowding. The seven boreholes in Derby- 
shire would probably be the extreme limit for one chart. 
The specimen chart has only been carried down to 
2,500 ft., but for actual work there is no limit, it might 
be fixed at 4,000. ft., the proposed depth of the bore- 
holes in England, or 6,000 ft., the limit intended for 
Scotland; on the other hand, for shallow working 
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the South Wales coalfield, the number of boreholes 
in which has not yet been published. The charts can 
be made for any depth of borehole and for any length 
of time, by the use of paper in a roll or in book form. 
To the manager or field superintendent of an oil 
company, graphic charts showing the progress of drilling 
work and of production need only a trial to demonstrate 
their utility and practicability. The expert and the 
average business man can acquire at almost a glance 
all essential details, which the usual typewritten records 
can furnish only after considerable expenditure of time 
and trouble. Oddly enough this chart system is due 
to the war, as it was introduced and elaborated in the 
Canadian army and then transferred fully developed 
into the petroleum industry. A Canadian officer, 
Mr. Matier, after active service in France, was invalided 
back to Canada in 1915 and attached to the Canadian 
Divisional Staff as staff chart-maker, with suitable 
rank, 

In the course of time he prepared a vast number of 
charts by which the progress of efficiency of every 
battalion could be recorded from its recruiting stage 
to the veteran stage ; age, medical condition, and so on, 
were shown by the system ; percentages of trained men 
in musketry, bayonet fighting, reliability for front 
attack and all other necessary information, which 
formerly had to be obtained by long search through 
War Office returns. To change this system from men 
to petroleum was an easy and obvious step, and it has 
now been taken up as eagerly by the oil industry as it 
formerly was by the military authorities. The field 
department of the great Orcutt Oil Company is now 
supplied with charts recording every detail of drilling 
and production. It is only a question of time for it 
to spread over the whole of the United States. To 
quote the well-known Californian oil bulletin on graphic 
charts and their range of adaptability : In the analysis 
of a lease there are standards of comparison for both 
actual figures and percentages of gross oil, clean oil, 
water in suspension, free water and number of wells. 
These are compared for each month with the average 
month of the past year, showing the average production 
of each well in oil and water per day and per average 
year-day. Every aspect of the lease is brought out, 
its trend ascertained, the downward ratio of exhaustion, 
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it might be 500 ft. or 1,000 ft. 
is ruled off in equal spaces, each space representing 
100 ft. ; for time the chart is ruled off into, say, 1 in. 
spaces, from left to right, each space representing one | 
day. A differently drawn line, or a different colour, 
could distinguish each borehole ; the spaces from left | 
to right are numbered from | to, say, 31 or 30 for each | 
month ; the depth in feet drilled every day is marked 
on the chart for each borehole and the broken or | 
differently coloured lines are continued from left to | 
right as shown on the illustrated chart, forming a | 
visible unbroken record. The day’s events, if any, are 
written out in the spaces for each borehole, thus: | 
Drill pipe twisted off ; bailer lost ; shut down steam ; | 
coal supply run out; repairing boiler and so on; | 
generally the fewer the records, the greater the progress, 
On the chart illustrated the No. 1 borehole was com- 
menced on January 2, and passed successively through 
new red sandstone, Permian formation and portion of | 
the coal-bearing rocks, the bailer was lost, fished for | 
and recovered, and a day was lost pumping out water. | 
The points at which the different formations are entered | 
are noted on the chart, as well as the day and the depth | 
when oil production was commenced. Should the 
casing collapse re-drilling at a higher level becomes 
necessary, as shown on one of the boreholes. A stoppage 
of the coal supply causes a complete stoppage of the | 
work. When a borehole reaches the producing stage, | 
the number of barrels of oil pumped per day is entered | 
on the chart. 

The convenience of these charts depends on the ease 
with which progress in different boreholes can be 
seen at a glance and compared; the time lost due to 
accidents, cementing and so on; reference to the data 
of former months or years can be rapidly made. What 
was being done at any borehole on a certain date ; 
the formations passed through, the quantities of casing 
required can be ascertained forthwith. Each chart, 
in the form of a roll, could cover any desired period 
of time in the most compact form possible. 

Another form of chart in use in the Californian 
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}and surroundings of oil accumulations. 





oil-producing districts gives a graphic illustration of 
each borehole ; its length from top to bottom, say, for 





the Derbyshire boreholes, would be 4 ft. and its width | of seven lower than 3,000 ft. 
2 ft., the whole area divided by thick lines into squares | 


of 1 in.; whilst each square inch is divided by fainter 
lines into 100 small squares. Each of these small 
squares from top to bottom represents 10 ft. of depth 
of the borehole. Each borehole may be three of these 
small squares in width from left to right, drawn in by 
a thick black ink line, and a width of 3 in. may be 
allowed for each borehole with its attendant notes, 
figures and so on. The formations passed through— 
new red sandstone, limestone, coal measure rocks 
and others—are indicated by different colours. The 
depths are figured every inch—100 ft., 200 ft., 300 ft., 
and so on; the tenth inch completes 1,000 ft.; the 
twentieth inch 2,000 ft., and the fortieth inch 4,000 ft., 
the depth, say, of the Derbyshire and Staffordshire 
boreholes. 

At the top are the name and locality of the borehole, 
the height above sea-level, the names of the drillers, 
the date when the boring commenced. The diameters 
of the casings used for the borehole are also placed at 
the top: 17 in., 12} in., 10 in., 8} in., 68 in., or any 
others. These pipes may be indicated by coloured 
lines alongside the borehole as far down as each diameter 
extends and the depth where each end is figured, 
thus the 12}-in. casing pipes may extend downward 
365 ft., and the 10-in. pipe 2,010 ft. 

The top of the 8}-in. casing pipe may commence at 
a depth of 1,920 ft., and it may extend downwards for 
a depth of, say, 1,470 ft. The different varieties of 
rock passed through besides being indicated by colour 
are noted in terms on the right side of the borehole ; 
the depth at which oil is found (if any) and the date, 
also the number of barrels raised per day. 

When the boreholes pass through water containing 
rocks, the iron casing has to be cemented. Some 
notes from the Californian petroleum-producing dis- 
tricts may foreshadow what may be expected here 
should Great Britain become, as many expect, a great 
oil-producing country. Everything in America appears 
to be on a vast scale, the sedimentary rocks, along the 
Pacific Coast bordering the petroliverous areas are n> 


lless than 70,000 ft., equal to 13 miles in thickness, 


representing a lapse of time and a wear and tear of 
former mountain ranges practically inoonceivable. 
The petroleums obtained at different levels pierced by 
the same borehole differ in the most remarkable 
manner: One bed of oil may contain salt water to 
the extent of even 90 per cent., whilst a lower bed may 
contain less than 1 per cent. Prolonged experience 
gained from a large number of boreholes during many 


| years indicates a definite tendency towards exhaustion ; 


a broad rule has been formulated based on the pro- 
duction figures of over 400 wells and extending over a 
period of fourteen years, to the effect that there is 
a diminishing output of clean oil amounting to 7 per 
cent, per annum ; but each well has its own peculiarities 
and the output may be very erratic! Thus one well 


|in an important Californian oil district produced an 
| average of 10,000 barrels of oil per day for the first 


30 days after the completion of the drilling; whilst 
a neighbouring well only 50 ft. away yielded nothing 
beyond muddy water. An earth tremor occurred one 
night, resulting in the collapse of the casing of the first 
of these two wells, when this had been made good the 
yield of the well was limited to water, and only traces 
of oil are found in the water even up to the present 
time. Coal-mining enables the expert to examine the 
coal and the rocks above and below in situ, and our 
accumulated knowledge is very extensive; but as 
regards oil our knowledge is limited to the crushed 
matter, brought to the surface by the baler in the form 
of mud, we therefore know very little of the conditions 
We cannot, 
therefore, account for phenomena such as those 
mentioned above. 

On the other hand, numerous other wells which before 
the tremor were very poor producers, were found the 
following morning with the oil coming over the casing 
head. The number of flowing wells in the Californian 
oil areas is limited, and the flow is not maintained 
for a long period, possibly that may be due to the large 
number of boreholes and their beingjplaced too near each 
other; pumping is therefore very generally resorted to 
from depths ranging from 1,600 ft. down to 4,500 ft. 
No rule can be formulated as to the time required to 
sink a borehole, experience is no guide ; a well 4,000 ft. 
in depth may be drilled in eight months, but should 
accidents occur it may take five years. The accidents 
boreholes are liable to are most varied, wire cables 
cut the casing, or get stranded; tools fall over on 
their side in an open hole below the bottom of the casing, 
to fish them out is probably the most difficult task 
which can confront the drillers. Some wells have been 
drilling for four years, and are only down to 3,500 ft. 
It follows from this experience that we have been very 
fortunate in our Derbyshire boreholes, the first was 
started about the middle of last October, and already 
two of them are lower than the 3,000-ft. level; by the 
time this is in type there may be three boreholes out 
In many Californian 
oil wells, when drillers approach the oil zone, the casing 
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COllapses, say, at the 1,500-ft. level, and then the whole 
Well has to “ drilled again with the old casing in the 
way adding to the difficulty. It is drilled past, if 
possible, or driven ahead until it is side tracked ; 
alternatively the well may be shot with gelatine and 
the old casing blown into the sides of the well. In the 
case of one well, which had been pumping about 
50 barrels per day for many years the casing un- 
fortunately slivered at a depth of 2,500 ft.; it was 
decided to try the effect of gelatine, and 25 lb. were 
put down to blow the casing out of the way. The 
result was astounding, the explosion was immediately 
followed by a rush of oil and gas over the derrick 
head, and 15,000 barrels flowed the first day, about 
the middle of June. Such an outburst would soon fill 
the 200,000-gallon tank erected at Hardstoft, _in 
Derbyshire, in fact, a whole series of them. Attention 
was drawn above to the tendency towards exhaustion 
manifested by oil wells in America ; the following 
statistics of the petroleum output in barrels of 42 
gallons each, in several States will make that clear :— 

















Pennsylvania Ohio Kentucky 
Year. and and and 

New York. Indiana. Tennessee. 

1900 .. ; | 14,559,000 27,237,000 16,225,000 
1902 .. oe 13,183,000 28,495,000 13,698,000 
1004... ° | 12,239,000 30,215,000 13,642,000 
1006 .. od 11,345,000 21,500,000 11,750,000 
1908 .. ..| 11,094,000 11,095,000 10,292,000 
1910 .. oe 8,547,000 12,286,000 11,747,000 
1912 .. ; i 8,712,000 9,939,000 12,613,000 
1914 .. oe] 8,536,000 8,994,000 10,466,000 
1916 .. oe | 6,980,000 7,905,000 10,160,000 





Other States are increasing their output very rapidly, 
as the following figures indicate :— 

















Kansas Colorado Texas 
Year. and and and 
Oklahoma. Wyoming. Louisiana. 
' 
1905 .. ox 11,854,000 500,000 40,572,000 
1910 .. 52,642,000 347,000 17,213,000 
1916 .. 119,233,000 6,837,000 44,637,000 





California, in 1900, produced 4,099,000 barrels, and 
in 1916 increased the output to 91,822,000 barrels. 








RIVER DISCHARGE. 

By Hervert Cuatiey, D.Se.(Eng.), M.Inst.C.E.I. 

In the course of investigations made for the Whang- 
poo Conservancy Board during the past three years 
as to the regulation of the Whangpoo and Yangtze 
rivers, the writer has had an exceptional opportunity 
to compare the various discharge formule with 
actual results on large streams with irregular flow. 
Although this subject has been discussed almost 
ad nauseam, the results obtained appear so important 
that the writer ventures to think they are worth 
publishing. 

In the first place, it appears from the observations 
that all the standard formule have no applicability 
whatever to natural sinuous and irregularly sectioned 
streams because of the “dissipation” losses at the 
bends and changes of section. The energy so lost 
may easily amount to as much as the friction head 
obtained from formule. 

Secondly, it was found that in fairly straight and 
uniformly sectioned reaches when the flow is steady 
the exponential form : 

V=C.R7.15 , , 1) 


gives consistent results, I being the local slope or 
tangent to the water surface at the measuring section. 

Thirdly, it was found that when the flow was un- 
steady in regular channels, the velocity followed a 
form : 

V = C ROT (1- <\" ae > 
g 
where a is the acceleration. In other words, the 
effective slope is equal to the algebraic difference 
between the actual slope and an “ acceleration ” slope 
determined by the ratio of the actual mean acceleration 
of the water to the gravitational vcceleration. 

It appears then that :— 

1. No advantages are obtained by using the complex 
Bazin, Ganguillet and Kutter, Hessle or similar 
formule, as the unavoidable errors of measurement and 
the irregularities which occur in even a very short 
length of a natural river, cause variations greater than 
the differences between these formule so that the 
mathematical advantages of the exponential form 
render it the most suitable. 

2. In long reaches the energy dissipated in the 
creation of lateral induced currents and eddies at bends 
and changes of sectional form may be as great as the 
bed friction, so that formule are of no value except 





for short straight reaches with fairly uniform cross 
section. 

3. The rise or fall of the “ stage’’ introduces an 
appreciable ‘acceleration slope” which must be 
allowed for in the formule. One of the writer’s former 
colleagues, Mr. A. Frey Samsioe, initiated a graphical 
analysis which led to the discovery of the “ accelera- 
tion slope.” 





THE “ AUTOSET” CLAMP. 

THE accompanying illustrations show two sizes of 
a handy little appliance for workshop use, which is 
manufactured by the Autoset Clamp Company, 
Limited, of Caxton House, Great Charles-street, 
Birmingham. It is a self-adjusting clamp, or dog, 
for fixing work to the tables of machine tools, and its 
special feature is that its use avoids the necessity for 
the collection of miscellaneous packing pieces employed 
with clamps of the usual forms. The illustration Fig. 1 
shows the “ Autoset ”’ clamp in use, and is practically 
self-explanatory. As will be seen, the clamp itself is 
slotted longitudinally and provided with a series of 
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transverse grooves, of semicircular cross section, on its 
upper surface. In one of these grooves fits a bead 
formed on a washer, and on this washer bears the nut 
of the bolt used for fixing the work. The arrangement, 
of course, allows the clamp to set itself at a considerable 
angle with the bolt, so that, although the latter remains 
quite vertical, one end of the clamp can rest on the 
machine table while the other end bears on the top 
of the work. As will be seen the clamp illustrated in 
Fig. 1 has three grooves, which enable it to deal with 
work ranging from g in. to 1} in. in thickness, while 
that shown in Fig. 2 has four grooves and can be used 
for work up to 2} in. thick. The clamps are made 
in other sizes, and in two other designs. In one of the 
latter the upper surface of the clamp forms part of a 
cylindrical surface and the washer is made to fit this, 
while in the other design the bolt passes through a 
rectangular block pivoted inside a slot in the clamp. 
In both cases the clamp is free to set itself at an angle 
with the bolt, but the latter arrangement has the 
advantage that there are no separate parts to get lost. 

Messrs. R. H. Lash, Limited, of 29-31, Portugal- 
street, Kingsway, London, W.C.2, are the sole wholesale 
concessionaires for these clamps for the United King- 
dom and abroad. 





THE ONTARIO HYDRO-ELECTRIC POWER 
SYSTEM. 
Tue Ontario hydro-electric power system in Canada 
is one of the most important enterprises of its kind on 
the North American continent. It develops over 
200,000 h.p., which it sells to the people of Ontario, 
chiefly in the south-west portion of it, and is rapidly 
extending its operations. The capital investment 
under the Commission’s jurisdiction is over 54,000,000 
dols., while the investment of muncipalities in con- 
nection with the system equal another 21,000,000 dols. 
It is expected that by the end of 1921 the total invest- 





ment will be 110.000,000 dols. 





As indicating the value of the commission’s work to 
Ontario, it may be said that were the power now being 
supplied to be obtained from coal, even in fairly large, 
modern, generating stations, over 2,000,000 tons would 
be required and 4,000,000 in industrial plants, the 
value of which would be approximately from 10,000,000 
dols. to 20,000,000 dols., and, as Ontario has no coal, 
this money would have to go out of the province. 

About 20 years ago, at a time when the art of generat- 
ing and transmitting electric energy was beginning to 
make rapid strides, it was felt by the manufacturers of 
South-Western Ontario that the water powers of Niagara 
Fall might be utilised to supply energy to places at a 
considerable distance from the Falls themselves. 
Several public meetings were held and an unsuccessful 
attempt was made in 1900, by the City of Toronto, to 
obtain legislation enabling it to generate power at 
Niagara and transmit it to the City. The idea of 
making use of Niagara power was, however, taking hold 
of people’s minds in other places, and in 1903 the 
Provincial Government authorised the appointment, 
by the municipalities, of a commission to thoroughly 
investigate the whole power situation. 

This commission, which bore the name “* The Ontario 
Power Commission,” made a very full report in 1906, 
in which the availability and costs of power from various 
primary sources, viz., coal, gas, oil and water were 
considered in detail together with the prospective 
markets, costs of development of Niagara Power and 
other relevant matters. This report favoured the 
development of municipally owned generating, trans- 
mission and distribution systems for the towns within 
transmission distance of Niagara Falls, and following its 
publication came the creation in 1906, by the Pro- 
vincial Government, of the Hydro-Electric Power 
Commission of Ontario. This commission is still in 
existence and although its personnel has changed some- 
what, yet the office of chairman has been continuously 
filled by its present occupant, Sir Adam Beck, and the 
operations of the commission have grown in a little 
more than a decade to their present vast proportions. 

The present members of the commission are :— 

Col. Sir Adam Beck, K.B., K.L.D., Chairman, and 
Hon. I. B. Lucas, Commissioner. 

The third member who occupied a place on this 
commission for a number of years until his death a 
short time ago, was Col. W. K. McNaught, C.M.G. 

In 1908, the By-laws were passed in 13 cities, towns 
and villages authorising the corporations or councils 
thereof to make contracts with the commission for a 
supply of electrical power to be transmitted from 
Niagara Falls. These by-laws were confirmed by the 
Provincial Legislature in the same year. 

The original idea of the earlier Ontario Power Com- 
mission, actually to develop and generate power at 
Niagara Falls was abandoned, as there were then in 
existence three large generating companies at the Falls, 
on the Canadian side, which were in a position to furnish 
large quantities of power, and as it was not desired to 
interfere unfairly with these companies, they were 
asked to submit tenders for the supply of power. A 
favourable tender having been submitted by the Ontario 
Power Company, @ contract was entered into with this 
company for 100,000 h.p., the first 25,000 h.p. to cost 
9-40 dols. per horse power year, and the remainder 
9-00 dols. per horse power year, for 24 hour power; 
this provided that the power should be three phase 
alternating, at 12,000 volts, and that it should be 
delivered in blocks commencing with 8,000 h.p., 
increasing as the commission should require in blocks of 
1,000 h.p., until the maximum of 100,000 h.p., should 
be reached. The commission undertook not to obtain 
power from any other source until the full amount of 
power contracted for had been absorbed. 

The action of the commission in making a contract 
for what at that time, appeared to be so large an 
amount of power, was very severely criticised on the 
ground that it would be many years before the entire 
contract was utilised. In order to show the value 
of this criticism it is worth while noting here that the 
commission exhausted this contract in five years from 
the date when power was taken in 1910, and that in 
1918 the power obtained from Niagara Falls alone was 
over 151,000 h.p., while altogether, from the various 
systems owned by the commission, there were supplied 
during the winter (1918-1919) over 198,000 h.p. 

Although the commission started its operations by 
merely transmitting power from Niagara Falls and 
selling it in bulk to the municipalities it was found 
desirable, as time went on, to take over (this has been 
done by purchase) several generating systems in various 
parts of the province, while in other cases arrangements 
were made to purchase power and transmit it to sur- 
rounding districts just as was originally done at Niagara. 

The commission now owns and operates a dozen 
systems in other parts of the province. In December, 
1917, as many as 225 municipalities were supplied with 

wer, 
> connection with the Port Arthur system work has 
been commenced on a new development on the Nipigon 
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River which will have an ultimate capacity of 75,000 
h.p., and there are three other sites which can give 
about another 100,000 h.p. in this district when 
required. In the Central Ontario district plans are 
being prepared for the development of 10,000 h.p., 
at Ranney’s Falls on the Trent River. Eugenia and 
Wasdell’s Falls are power sites which have been 
developed and equipped by the commission ; in the 
other cases power was already developed, the com- 
mission merely purchasing and taking over existing 
plants. 

The majority of the stock of the Ontario Power 
Company has been purchased, and this plant is now 
operated by the commission under agreement, the total 
generating capacity being 160,000 h.p., to which another 
50,000 h.p. will be added shortly when a third pipe 
line now in course of construction, is completed. 

The Niagara system on account of its importance 
requires separate mention. Five years from the time 
when the contract for 100,000 h.p. was made with the 
Ontario Power Company at Niagara Falls the whole 
of this power was being used by the commission, and 
a contract with the Canadian Niagara Power Company 
for 50,000 h.p. was made, and at the present time over 
150,000 h.p. is the amount being transmitted from the 
Falls over the commission’s power lines. 

When it was evident that the full amount of the 
100,000 h.p. contract which the commission had with 
the Ontario Power Company would be entirely ab- 
sorbed, it became necessary to ascertain whence a 
further supply of power might be obtained. As a 
result of careful investigation of the various schemes 
which had been proposed from time to time by experts, 
for development at Niagara Falls, and of surveys made 
by the commission’s own engineers it was decided that 
the best plan would be for the commission to have its 
own development works and generate power on a large 
scale. 

The proposed scheme was laid before the Provincial 
Government in 1913, and powers enabling the com- 
mission to go ahead with the work were obtained in 
1916, and in 1917 work was commenced on what is 
known as the Queenston-Chippawa Development. 
This involves the construction of a canal about 123 
miles long, run from the point above the Falls where the 
Welland River discharges into the Niagara River 
down to a location near Queenston where the power 
station will be. 

The existing companies at Niagara utilise the head 
at the Falls, obtaining there about 150 ft. head. In 
the section between the foot of the Falls and Queenston, 
there is, however, a further drop in the level of the 
river of about the same amount as at the Falls. 
Thus, the commission, by the scheme which is now in 
hand, will obtain a net working head of 305 ft., so that 
from the same water over 100 per cent. additional 
power will be obtainable. 

The initial equipment to be installed in the generating 
station near Queenston will comprise four of the 
largest hudraulic turbines ever built, each of these 
have a capacity of 52,500 h.p., four electric generators 
of 45,000 k.v.a. capacity will be coupled thereto, 
Units of 100,000 h.p. each are contemplated for later 
developments. The present canal will be large enough 
to enable 300,000 h.p. to be developed, and enough 
land has been purchased to enable two additional canals 
to be constructed in the future, so that the total 
capacity of the plant may be 1,000,000 h.p. if, as is 
fully anticipated, the demand for such an amount of 
power should arise in the not distant future, and if 
arrangements can be made for the diversion of the 
requisite amount of water from the Niagara River. 

Four and one-quarter miles of the canal will consist 
of the present Welland River, widened and deepened, 
and reversed in the direction of its flow, in the section 
between the Niagara River and the excavated portion 
of the canal, the remaining 84 miles will be excavated. 
The Hydraulic Department, in addition to undertaking 
the design of all the hydraulic features of such work as 
this, has been engaged for the past six years in taking 
records of stream flow, and has established 57 gauging 
stations which are under regular observation, in 45 
different rivers covering a drainage area of about 
47,000 square miles. 





ON THE RAPID SEASONING OF JARRAH.* 
By AtrreD Tomuiinson, M.Sc., Assoc.M.Inst.C.E., M.C.I. 
(Concluded from page 289.) 


Operation of the Kiln.—At the commencement of 
Operations the timber must be heated through before 
any drying takes place. It is thus usual to steam the 
timber at a temperature of about 120 deg. F. for a few 
hours (see Appendix I). The steaming is also useful in 
removing any initial or residual case-hardening before 
beginning drying. Briefly, the minimum percentage 
humidity of the circulating air is governed by the per- 
centage moisture content of the stacked timber (see 





* Paper read before the Western Australia Institution 
of Engineers, at Perth, on May 14, 1919. 





Appendix I). From green to fibre saturation point 
(30 per cent.) the humidity must be high, from 85 per 
cent. to 75 per cent., never less, while it appears the 
maximum kiln temperature, with jarrah, is about 
115 deg. F., say (see Appendix I). After this point 
has been passed, the percentage humidity may be 
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Outside Checking.— 

(A) Outside checking (permanent) due to rapid surface dry- 
ing, and the strength of the wood being insufficient a 
resist the internal stresses. 

(B) Outer sheil, T, drier than interior, C. T = Tension, 

} = Compression. 

(C) If disc (B) be pronged, by 5 saw cuts, it will at once 
spring into this ——. 

(D) If prong (C) be dried thoroughly it will assume per- 
manently the form (D). 

Inside Checking.— 

(E) Internal checking or honeycombing (permanent), after 
wood has more or less completely dried, due to 
strength of wood being insufficient to resist the in- 
ternal stresses. 

(F) Outer shell, C, below the fibre saturation point, and 
“get.” Permanent stresses. T = Tension, C = Com- 


B my 

(G) disc (F) be pronged, by 5 saw cuts, it will bind the 
saw and immediately spring into this shape. 

(H) Disc pronged and without casehardening. If (F) be 
steamed and stresses neutralised or removed, thereby 
@ pronged disc will assume the form (H). If steamed 
too much a pronged disc will spring into the shape (C). 


gradually decreased until it reaches about 40 per cent. 
at end of drying operation, the temperature also during 
this period being gradually increased, reaching a maxi- 
mum of 140 deg. F., say. The epee moisture 
content of the stack must evidently be obtained from 
time to time. Accordingly, sample boards are placed 
in the kiln and these are weighed, from time to time, 
and their percentage moisture content determined (see 
Appendix fit). It is also necessary to take, from time 
to time, prong sections of material in the kiln in order 
to control the rapidity of the drying and case-hardening. 
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If excessive case-hardening is taking place it may be 


quickly removed by restoring surface plasticity, that is 
by subjecting the timber to a warm saturated atmosphere, 
usually steam, for a few hours. The behaviour of 
sections of l-in. boards pronged during the various stages 
of the drying is shown in Fig. 8, and needs no further 
explanation. Conversely, these sections may clearly 
be used to roughly indicate the moisture content, The 
timber may be considered thoroughly kiln dried if 
moisture content is about 8 per cent. Provisional 
instructions for drying jarrah are given in Appendix III. 

Additional Difficulties in Operation.—Difficulties in 
operation, apart from those already mentioned, are due 
to the fact that the stacked material, which is being 
evenly dried in the kiln, has naturally considerable 
variations in (i) moisture content, (ii) density. Thus 
some pieces may contain 75 per cent. and others 40 per 
cent. moisture, while the density may vary between 
37 lb. and 52 lb, per cubic foot when dry.* It appears to 
be necessary, in order to be on the safe side, to subject 
the ‘‘mixed”’ material to comparative mild drying 
conditions. 

Results of Tests.—Fig. I1 shows the particulars, 
arranged graphically, of a typical kiln-drying operation, 
Fig. 9 shows drying curves, respectively, for 1 in., 3 in. 


CURVES. 
Temperature 100°F, 
At 127° Jarrah. 
Br 9x3" + 
C+6xg + 
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and 4 in. thickness jarrah, which was uninjured in 
seasoning. Roughly, using the information now avail- 
able, the rate of drying jarrah, from fairly green to 10 per 
cent. moisture content, without injury, and the con- 
ditions being mild, is as follows: 4-in. stuff, 7 a 
to 10 days; 1-in. stuff, 4 weeks to 5 weeks; 3-in. stuff, 
3 months; 4-in. stuff, 4 months. It may also be noted 
that it appears to be desirable to kiln dry the jarrah as 
soon as possible after cutting, for end checking soon takes 
place in the air. This is contrary to American practice 
with hardwoods, which are air dried for six months, or 
over, before placing in kiln. 





APPENDIX I. 

Results of Experiments.—Investigations on the 
behaviour of jarrah in drying are by no means complete. 
Sufficient information, however, has been obtained for 
a rational understanding of the causes and prevention of 
injuries. The following physical properties of jarrah 
(which are more or less similar in other woodst) when 
drying have been established :— 

1. (a) Shrinkage begins when green, with a moistwe 
content of 70 per cent., say, and continues until dry. 
From green to the fibre-saturation point ——s 
proceeds at an even rate, and afterwards at an inc 
uniform rate (about two-fold). It is believed that the 
contraction at first is due to a form of collapse of the 
cells, and afterwards to the “true” shrinkage of the cell 
walls. (See Appendix II.) 

(6) The moisture content reckoned on dry weight is 
about 30 per cent. at the fibre saturation point. (See 
Appendix IT.) 

2. (a) Rate of transfusion of moisture through the 
wood is slow compared, say, with the softwoods. 

(6) Moisture tends to transfuse from the hot towards 
the cold portion of the wood. 

3. (a) Is plastic while hot and moist and becomes 
“set ’’ in whatever shape it dries. 

(6) Is excessively soft and plastic under moist con- 
ditions when temperature is as low as, say, 150 deg. F. 

4. Shrinks less in a damp atmosphere, when dried 
rapidly than when dried dowk ; 

Injuries and Prevention in , a the fore- 
going facts the troubles and remedies in drying will be 
readily understood, some of which are dealt with below. 

Cause of Checking.—Checking results from item 1 (a), 
that is, unequal shrink In drying jarrah, the 
necessarily drier outer shell tends to shrink or contract 
more than the wetinnercore. The latter prevents it from 
doing so, and this straining action sets up stresses, owing 
to differential drying. The outer shell is evidently in a 
state of tension and the interior in compression, as shown 
in Fig. 10, diagram B. If the contraction is com- 
paratively great these resulting stresses will exceed the 
strength of the timber across the grain, which will 
be torn apart on the outside in checks, as in diagram A, 
and the materia] will be relieved of stress. 

Cause of Case-hardening and its Evils.—Case-hardening 
results from items 1 (a) and (6), 3 (a), and 4, and occurs 
when the surface of the wood becomes “set ”’ (i.¢., below 
the fibre saturation point) in a partially dry condition, 
while the interior is still wet. This condition is due to 
too rapid surface drying, i.e., the evaporation from the 





* See W.A. University Timber Tests, 1917. 
+ See “‘ Kiln Drying of Lumber,” by H. D. Tiermann. 
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surface exceeds the rate at which the water in the centre 
transfuses outwardly. If the interior of the case- 
hardened piece of wood dries further it tends to shrink, 
while the “‘ set’ condition of the surface, or outer shell, 
tends toprevent it from doing so. As a result of this, 
together with item 4, viz., “that the slower wood dries 
the greater the shrinkage,” the strains, and consequently 
the stresses set up, are the reverse of those already 
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a comparatively low maximum temperature of 140 deg. F. 
the case-hardening will be entirely eliminated in a few 
hours, provided it has not gone to the extent of causing 
honeycombing. 

Prong Tests for Removal of Case-hardening.—Case- 
hardening material when pronged, as explained before, 
will assume the form shown in diagram G (Fig. 10), 
If after steaming another pronged section of the materia) 
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considered. For now the outer shell is in compression 
and the interior in tension as shown in diagram F (Fig. 10). 
If these stresses exceed the strength of the timber, 
portions of the interior of the timber will rupture and 
splits will appear, as in diagram E. This internal 
checking is usually called honeycombing. It has been 
seen that excessive case-hardening ends in checking 
and honeycombing. Since disaster will take place in 
seasoning unless case-hardening is controlled, it is 
evidently a very important factor. 

Prong Tests for Case-hardening.—Simple tests, as 
under, may be used before the wood, of course, is 
permanently injured, for indicating the case-hardening 
if any. Dises, or narrow cross-sections, say 1 in. thick- 
ness, are sawed across the piece of wood to be tested. 
These are immediately slotted according to diagram H 
(Fig. 10) by running, if possible, five parallel saw cuts 
nearly through, and breaking away two of the tongues 
thus formed—namely, the second and fifth. If the 
prongs at once show no tendency to bend outwardly or 
spring inwardly, as in diagrams C or G, respectively, 
but remain normal, as at H, there is little or no case- 
hardening, for the material must be in an unstrained 
condition and thus free from shrinkage stresses. If the 
outer prongs at once bend outwardly, as in diagram C, 
then the outside is drier than the inside and the piece 
is in a first stage condition leading to case-hardening, 
with its tendency to check. If C is now dried in a warm 
room, the prongs will finally bend inwardly, and remain 
so permanently. The outer prongs will all spring 
inwardly, as in diagram G, if the outside has “set,” 
that is, if in the final stage of case-hardening, with its 
tendency to honeycomb. In the above the stress 
diagrams B and F readily explain the action of the 
prongs. 

Prevention of Checking.—Evidently, outside checking 
due to excessive surface drying may be prevented by 
properly adjusting the humidity of the air and so 
controlling the surface evavoration. It has been found 
that the moisture content of the wood determines, to 
some extent, the allowable or minimum safe working 
percentage humidity of the circulating air. Thus, if 
percentage moisture content of wood is high, the per- 
centage humidity of the air must be high. Green or high 
moisture content jarrah can only be successfully dried 
at first in a damp atmosphere, say, 85 per cent. humidity. 
Again, with l-in. boards during almost the whole of the 
drying operations it appears to be undesirable for the 
humidity to be less than 75 per cent. It should be noted 
that the rate of surface evaporation should not be con- 
trolled by reducing the air circulation, since a large 
circulation is needed at all times to supply the necessary 
heat. 

Prevention of Case-hardening and Honeycombing.— 
Honeycombing, obviously, may be eliminated by pre- 
venting undue case-hardening. If case-hardened, the 
material would be in a stressed condition, as in diagram F 
(Fig. 10), and a little thought should suggest a means 
by which it may be removed. Clearly, if the hard 
outside shell were softened, the “outside set’ and 
resulting strains (as in diagram F) would vanish and the 
piece relieved of stress. Experiments (item 3 (b)) showed 
that thoroughly moist warm air caused the wood to 
become soft ay plastic, and thus remove case-hardening. 
In the kiln (Fig. 5, page 288), steam pipes D with 
perforations are provided to admit live steam, which will 
maintain a thoroughly wet atmosphere, and even with 
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does not exist evenly. Of course, case-hardened boards 
(diagram F, Fig. 10), when sawed down the centre, so 
as to make two boards of half the original thickness, 
will cup, the original surface becoming convex. Articles 
then manufactured from case-hardened material are apt 
to warp and give trouble. 

Prevention of Warping and Cupping.—In the drying 
kiln warping and twisting can be prevented to some 
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Fibre Saturation Point.— 


No. 1. Taken from W A timber tests, Plate No. 3, size A. 
Strength calculated on actual section at breaking. 

No. 2. Obtained from No.1 by calculating the strergth 
due to alteration in section modulus, on the 
probable cross section when green using shrinkage 
curves. 

No. 3. Obtained from No. 1 by calculating the strength 
due to alteration in section modulus and density 
on the probable cross section when green using 
shrinkage curves. 


FIBRE SATURATION POINT ANALYSIS. 
6 and d are dimensions of beam when dry (10 per cent. moisture content). 


M = por cent. moisture content. Sgreen = maximum rupture bending stress when green (70 per cent.) 
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PARTICULARS. 
M > 10 < 30 


M > 30 < 70. 





Probable dimensions at M, per | 
cent, moisture 


b(l+a 
d (1 + a/2) 


} b(1 + 0.04 + B) 
d (1+ 0.04/2 + B) 





Probable dimensions when green 
at, say, 70 per cent. moisture 
content 


b(1 + 0.07) 
d (1 + 0.05) 





Ratio of probable rupture bend- | Sgreen _ 





b (1 + a) d2(1 + a/22 


Sgreen _ b(1 + 0.04 + B) d2 (1 + 0.02 + 8)? 





ing stress on section when ma 
green (70 per cent.) to actual 
stress on section at rupture 
(M per cent.) (¢.e., taking 
shrinkage into account) 
Stress, S cl + bd2 


= 0.83 +2a 
} 


Sx b (L + 0.07) d2 (1 + 0.05)2 Sa 
=l+a+2 < — 0,07 


— 2 x 0.05, approx. 


or, A = 0,83 + 7. M-10) 
500 





- B (1 + 0.07) d2 (1 + 0.05)2 
= 1+ 0.044 8+ 0.02 x 2+Bx2 
— 0.07 — 0,05 x 2, approx. 
= 0.91+ 38 
or, B=0.91+ —>_(M-30) 
1,333 
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from water) of green section | b (1 + 0.07) d (1 + 0.05) b (1 + 0.07) d (1 + 0.05) 
(70 per cent.) to density of a 0.04 + 6 + 0.02 + B 
actual section at rupture =1+a+2—0.07—0.05 | = 1+ 0.04 + 6 _— 
(M per cent.) (é.e., probably 2 | — 0.07 — 0.05, approx. 
‘«strength ” will vary directly [approx. | = 0.94 +28 
as ‘‘density ” a 

Density. Dal + bd = 088 +-a 


| Ratio of probable density (apart | Dgreen _ 
| 





3 
, K = 0,88 + ——_ (M-10 
or + 7000 | ) 


or, L 2004+ —2_M-30) 
1,333 








| Ratio of 

probable rupture bend- | Syren _ - 
ing stress on section when —— =AxK 
green (70 per cent.) to actual - 





| See = B+ L 
Sau 


| 3.75 M 


ti = Lie » Y= 0.738 + ——— approx. 
stress on section at rupture/ or, X = 0.64 + , approx. or 7 

(M per cent.), taking the T,000" “PP 1,000 

| above two effects to act 

| jointly | 





| 


remains normal, as at H, the case-hardening has been 
eliminated and the exposure has been correct. If the 
steaming process has been carried on too far, a pronged 
section will take the form shown in diagram C. 
Warping, Twisting or Cupping is due to internal 
stresses caused by unequal shrinkage: Case-hardening 
is one cause. It is often due to the warped direction 
of the grain of the wood, coupled with the fact that the 
shrinkage is different in different directions. “ Curly 
grain ” is very apt to warp, and an “interlocking grain ” 
is even more effective. Another cause is through the 
expelling of moisture evenly from all parts in which it 








extent by careful stacking or piling. The distance pieces 
or “ strips ” (Fig. 7, page 289) are placed at suitable inter- 
vals apart in the transverse direction. The weight of the 
superincumbent timber acting through these strips tends 
to prevent the twisting of individual boards. The 
cupping trouble is eliminated by arranging for the 
oalieens of a board to dry at an equal rate. Even air 
circulation in the kiln—sloping stacking and uniform 
thickness of strips—will ensure even drying of the two 
faces. 

Temperatures for Drying.—Items 1 (a), 2 (a) and 
3 (b) indicate clearly that comparatively low tempera- 
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tures must be used in drying. During the first drying 
-_ up to the fibre saturation point the humidity is 
high and so the kiln maximum temperature must not 
approach 3 (6), t.e., 150 deg. F. High temperatures 
and the expulsion of free water at too rapid a rate will 
also produce collapse of the cell walls and disaster. By 
arranging for the baffle temperature to be between 
100 deg. F. to 120 deg. F., the maximum temperatures 
necessary to preserve the required humidity are not 
unduly high. During most of the experiments at 
Crawley the baffle or dew-point temperature has been 
100 deg. F., a temperature easily maintained throughout 
the whole year, and the maximum kiln temperature has 
seldom been above 135 deg. F. 

Precaution at Commencement of Operations.—Item 2 (b) 
indicates that the timber should be heated through 
before drying begins. A simple experiment shows that 
if wood is heated on one side and cooled on the other 
that the moisture, or water, will be driven from the 
heated to the cold side. Evidently, in the kiln, heat 
should penetrate into the interior of the timber before 
drying begins. At the commencement of the kiln 
operation then the air must be saturated with moisture 


and so live steam is frequently used, both to heat up- 


the wood and provide also for a 100 per cent. humidity. 
Also from item 2 (6) results a quick and useful test to 
determine whether a piece of wood from kiln is dry. 
While still hot, a rr cape end grain surface of the 
wood is placed on a cold piece of iron. The moisture, if 
any, in the wood will be quickly condensed on the cold 
metal. 





APPENDIX Il. 

The Fibre Saturation Point in Jarrah.—In wood the 
water may exist in two conditions, viz., as free water 
contained in the cell cavities, and as hygroscopic or 
fibre moisture absorbed in the cell walls. In wet and 
green woods the water exists in both conditions, the 
free water usually having no particular effect upon 
physical properties such as shrinkage or strength. In 
determining the moisture content, both the free water 
and the absorbed are necessarily included. Conse- 
quently, in drying out a piece of wet wood, since the free 
water must evidently evaporate before the absorbed 
moisture in the cell walls can begin to dry out, there will 
be a period, providing, as is usual, that shrinkage does 
not take place, during which the strength remains 
constant, although varying degrees of moisture are 
indicated. But just as soon as the free water has 
disappeared and the cell walls begin to dry, the strength 
will begin to increase. This point is called the “fibre 
saturation point.’’ Nearly all woods do not shrink until 
this fibre saturation point is reached, and with these, 
referring to their moisture-strength diagrams, the fibre 
saturation point will easily be recognised as the part 
where the steep curved portion is intersected by the 
straight line parallel to the moisture content axis 
(Fig. 13). It is usually between 25 per cent. to 30 per 
cent. moisture content. The fibre saturation point may 
evidently be determined by obtaining the moisture 
content when either shrinkage first takes place or an 
increase in strength takes place. However, in dryin 
jarrah and other eucalypts, shrinkage takes place wel 
before the 25 per cent. to 30 per cent. moisture content— 
even when green. Again, the strength also increases 
almost from the beginning of the drying, so that the point 
cannot apparently be obtained by the usual method 
stated above. 

Shrinkage Analysis.—Fig. 11 gives graphically typical 
drying particulars of jarrah tangentially cut specimens, 
and Fig. 12 shows the relation between the percentage 
moisture content and the percentage shrinkage in the 
width (reckoned on dry dimensions at 10 per cent. 
moisture). It is seen that the observed results may be 
assumed to lie on pairs of intersecting straight lines, and 
evidently these intersection points will be near the fibre 
saturation point. The “rounding” near the inter- 
section points was anticipated, for it is due to the fact 
that the critical change can only take place gradually 
through the thickness of the specimen. The full line 
is an average shrinking curve, the fibre saturation point 
being 30 per cent. oughly, the shrinkage in the 
tangential direction from the fibre saturation point 
(30 per cent.) to dry (10 per cent.) is 4 per cent., based 
on dry (10 per cent.) dimension ; between 70 per cent. 
and 30 per cent. moisture content the shrinkage is 3 per 
cent., making a total of 7 per cent. from green (70 per 
cent.) to dry (10 per cent.). Usually with “true” 
shrink: (i.e., due to contraction of cell walls) the 
tangential shrinkage is twice the radial, so that the radial 
shrinkage should be about 4 per cent. + 2, or 2 per 
cent. between fibre saturation point and dry. Experi- 
ment shows that the radial shrinkage from green to dry 
is about 5 per cent. (reckoned on dry dimensions), so 
that the radial shrinkage between green (70 per cent.) 
and fibre saturation point (30 per cent.) is about 5 per 
cent.—2 per cent. = 3 per cent., which corresponds 
with the percentage shrinkage in the tangential direction. 
It appears from this result that the initial shrinka 
(t.e., up to fibre saturation point) is due to the wood cells, 
which are roughly circular, contracting as the free water 
is removed aad thus diminishing equally in all directions. 
In other words, evidently, the cells are plastic and pliable 
when moist, and much free moisture causes them to 
distend, while the removal of water causes the cells to 
become more or less deflated, and perhaps collapse. 
Micro-examination is necessary in order to fix this idea. 
After the fibre saturation point is reached the cell walls 
begin to shrink and break up in a similar manner to all 
other timbers. An analysis of the shrinkage then from 
these experiments fixes the saturation point at about 
30 per cent. 

trength Analysis.—The moisture bending strength 
diagrams for jarrah shown in handbook of W.A. Govern- 








ment Timber Tests, 1906, by Mr. Julius, are smooth 
curves. Fig. 13 shows curve, Jarrah No. 1, taken from 
the above-mentioned handbook, and also curves for pine 
and chestnut, respectively, which are typical of most 
timbers. Consideration showed that the absence of a 
horizontal line and a definite kink in the jarrah curves 
might be due to (i) the specimens tested being more or less 
case-hardened, or (ii) the early shrinking not being due 
to true cell wall shrinkage. Cause (i) was difficult to 
deal with now, and moreover, if considerable, would 
have been detected when the tests were made in 1906. 
Further analysis in cause (ii) showed that this was likely 
to lead to a rational explanation of the peculiar irre- 
gularity in the jarrah curves. Accordingly, using values 
obtained from the moisture-strength curve for jarrah, 
referred to above (Fig. 12), the strength of the timber was 
calculated on the basis that no shrinkage in drying takes 
place at all. In other words, average shrinking values 
were taken and the strength calculated on the assumed 
original green section, and not on the actual section at 
breaking as given, of course, in the curves of Mr. Julius. 
The table on page 324 gives particulars of the analysis 
necessary in order to compute the two-fold effect of the 
alterations in dimensions of cross-section, on the ** bending 
rupture strength,” due to the changes (i) in the section 
modulus, and (ii) in the density. The probable green 
dimensions of specimens having known dimensions when 
moisture content = M, computed from average curve, 
Fig. 12, are given in upper portion of columns. Since 
there is a kink in the “‘ shrinkage ”’ curve (i.e., two inter- 
secting straight lines) it will be necessary to have two 
separate sets of equations depending, of course, on the 
percentage moisture content. The alteration in the 
modulus of section due to shrinkage is shown, as well 
as the ratio of probable rupture bending stress on section 
when green (70 per cent., say) to actual stress on section 
at rupture (M percent.). Evidently 8, green, = Ax 8S m. 
Knowing M and obtaining Sm from curve (Jarrah 
No. 1), the value of the right-hand portion of this 
equation can easily be computed, and so §, mn, 
obtained. Thus, M= 40 per cent.; B = 0:9325; 
from curve 8 at 40 per cent., moisture = 12,000 lb. per 
square inch; then 8, green, = A x 8 m = 0-9325 x 
12,000 = 11,200 lb. per square inch. Fig. 13, curve 
(Jarrah No. 2) shows the result of plotting obtained by 
this analysis. The alteration in the density (apart 
from the water) and the probable effect on strength is 
given in third row, and explains itself. Since (i) and (ii), 
above, may act jointly, it is necessary to consider their 
joint effect on the strength, and this is done in row 
No. 4. Thus, if M = 60: Y = 0-963: from curve 8 at 
60 per cent. moisture = 11,400 lb. ; 8, green, = Yx Sm 
= 0-963 x 11,400 = 11,000lb. Fig. 13, curve (Jarrah 
No. 3) shows the result of graphing the above joint effect. 
These curves (Jarrah Nos. 2 and 3) are similar in form 
to those of other timbers, and clearly show that if no 
shrinkage took place in jarrah in drying from green to a 
30 per cent. moisture content condition, the “ strength” 
would be constant, and from 30 per cent. moisture 
content to a dry condition an increase in “strength” 
takes place, apart from the no shrinking effect. 
Evidently, the 30 per cent. moisture content is about the 
fibre saturation point. It will be found that varying 
the shrinkage values (7 per cent. and 5 per cent.), within 
reason, has Tittle effect on the value (30 per cent.) of the 
saturation point. 





APPENDIX III. 

PROVISIONAL INSTRUCTIONS FOR DRYING JARRAH. 

General.—After being sawn, the material should be 
“‘picked”’ free from defects, carefully stacked and 
protected from the sun and wind, in covered sheds, 
and kiln dried as soon as possible, when green. 

Stacking or Piling.—Timber must be evenly stacked 
or piled and held flat and straight while drying. Oontact 
between wood and strips or distance pieces should in no 
case exceed 1} in. in a direction lengthwise of the stack. 
Strips varying in thickness from 1 in. to 2 in. should be 
u for timbers of thicknesses of 1 in. to 4 in., respec- 
tively. Timber should be so arranged in the stack that 
drying will take place equally from both surfaces in 
planks, and from opposite faces in squares. The timber 
must be so disposed in the dry kiln as to permit of easy 
access on both sides of the stack. 

Preparation of Samples, &c.—Representative samples 
must be inserted in the stack, to be kiln-dried in such a 
manner that they will be subjected to the same drying 
conditions as that portion of the stack where inserted, 
and so that they can be removed for periodical weighing 
in order that their moisture contents and, therefore, 
the mean moisture content of the stacks can be known 
at all times. Allow three samples for each 5,000 board 
feet or less of material. The samples should be at least 
2 ft. long and should not be cut nearer than 2 ft. from the 
end of one of the pieces to be dried. The samples should 
be carefully weighed at least daily where the time of 
drying is ten days or less, and at-least every other day 
for longer periods. They should be placed in a stack and 
distributed so as to be exposed to average, most rapid, 
and slowest drying conditions, except that they should 
not be placed on the top layer or bottom layer, and the 
temperature and humidity should be regulated according 
to the samples placed in the warmest part of the stack. 
The percentage moisture content of the sample should be 
determined by cutting sections 1 in. thick from both ends 
at the time the sam fre is sawed from the piece. These, 
after being weighed, are thoroughly dried and again 
weighed, the difference in the weights being due to 
evaporation of moisture, and the percentage original 
moisture reckoned on the dry weight is easily computed. 
The ends of the sample are to be given a thorough coating 
of asphaltum varnish mixed with lampblack, to prevent 
end drying, before placing them in the stack. After the 
dry weight of the sample has been determined, the 





average moisture condition of the pile during drying can 
be found. by weighing the samples and calculating the 
condition of the stack from their weights. 
Example :— 
Original weight of sample, 8-65 Ib. 
Original moisture percentage (average of the two 
dises), 73. 
Calculated dry weight of sample, 8-65 + 1-73 = 
5 Ib. 


Current weight, 6-18 Ib. 

Moisture in sample, 6-18 — 5 = 1-18 Ib. 

Current moisture percentage 1-18 +5 x 100 = 
23-6 per cent. 

In this manner a record must be kept of the percentage 
of moisture in the timber in the kiln. A standard test 
should be made on each sample before the timber be 
removed from the kiln. 

Instruments.—Thermometers: At least one recording 
thermometer of approved make must be used in each dry 
kiln. This must be checked daily with a standard 
thermometer or a glass thermometer that has been 
calibrated to an accuracy of 1 deg. F. and placed in such 
& position as to record the maximum temperature to an 
portion of the stack. All glass thermometers should be 
accurate to 1 deg. F. Thermometer bulbs must be 
shielded from direct radiation of steam pipes or wet 
timber, cold walls or surfaces, and receive a free circu- 
lation of air. 

Steaming.—Admit sufficient steam to saturate the air, 
at the stated temperature, as follows : 

(i) At the beginning of the drying operation, with 
green wood, 6 hours -. each inch of thickness, at a 
temperature not over 120 deg. With previously air- 
dried wood, 8 hours for each inch in thickness. 

(ii) Near the end of the drying, in order to eliminate 
internal stresses (case-hardening) at a temperature not 
to exceed 140 deg. F. and for a time not to exceed 
3 hours. . 

Temperature and Humidity.—Average or mild con- 
ditions are here specified. Lower temperatures and 
higher humidities are permissible. In no portion of the 
stack should the average operating temperature exceed, 
or the average operating humidity fall below, nor should 
any piece of wood be subjected to more severe average 
operating conditions than the figures given in the table 
below. However, an accidental rise in the temperature 
and decrease in humidity will not damage the timber, 
providing the period of time is less than 2 hours, and 
during which the rise in temperature does not exceed the 
average specified temperature by more than 10 deg. F., 
nor the humidity be more than 10 per cent. less than the 
average specified humidity. Furthermore, the pro- 
gression from one specified stage to the next must 
proceed along uniform lines. 


Maximum Average Drying Conditions, 





Maximum | 4 Pat _— Baffle 
Stage of Drying. Tempera- Humidity Tempera- 

ture. Percentage. ture. 

deg. F. deg. F. 
At the beginning oe 110 85 105 

After fibre saturation is 

passed (30 per cent.) .. 115 75 105 
At 20 per cent. moisture. . 120 65 105 
At 15 per cent. moisture. . 130 50 105 
At 12 per cent. moisture. . 135 45 105 
At 8 per cent. moisture .. 140 40 105 
inal ee ee 140 40 105 














[More severe drying conditions can be used (i.¢., com- 
mencing with 115 deg. F. baffle temperature) without 
visible injury of any kind, but on account of injury to 
strength and introduction of internal stresses, through 
the varying density and moisture contents of the pieces, 
the milder conditions are (provisionally) specified.] 

Tests of Material after Drying.—At the end of the run, 
standard tests must be made for moisture content and 
case-hardening. Material for these tests should be taken 
from each of the samples in the stacks and from other 
pieces, which should be representative of the dried stock, 
at least three pieces for every 5,000 ft. or less, and taken 
from different parts of the kiln. Two adjacent sections, 
1 in. thick, should be cut from the centres of each of the 
samples and pieces of stock. Due precaution must be 
taken to prevent moisture evaporation between the time 
of sawing and the time of weighing these sections. The 
first section should be dried and the moisture content 
obtained by the standard method previously referred to. 
The other section, if cut from a 3-in. plank, should be slit 
in the longest direction, parallel to the faces of the piece, 
into six equal tongues or prongs, leaving about § in. 
solid wood adjoining the prongs at one end of the section. 
The second prongs from both sides are to be broken out, 
leaving two outer prongs and two in the middle (see 
Fig. 10). The curving of these prongs indicates the 
degree of case-hardening. If the prongs remain straight 
it indicates perfect conditions as to the stress and 
moisture. If the outer prongs bend in, it means that the 
piece was case-hardened. If they bend out, it means 
that the piece was oversteamed in final steaming. If 
the centre tongues first bend outwardly and ly 
inwardly, it shows that the centre was not thoroughly dry. 
The material less than 2 in. thick three tongues should be 
sawed instead of six, and the inner one removed. 

Final Moisture Conditions.—An average dryness of 
approximately 8 per cent., unless otherwise specified 
is uired with a variaticn of individual sticks from not 
less than 5 per cent. to not more than 11 per cent. Upon 
removal from the kiln the wood should be allowed to 
remain in a room with all parts under uniform shop 
conditions at least three weeks for 3-in. material, and 
other sizes in proportion, before it is manufactured. 
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TEST OF SANDY FOUNDATIONS FOR 
BRIDGE PIERS. 


An interesting experiment was recently carried out 
on the bearing power of sandy material for foundations, 
and we give below an account of the work written by 
Mr. Arthur Richards, deputy county engineer, 
Columbus, Ohio, for which we are indebted to the 
Engineering News-Record. 





A unique foundation soil test was made at one of 
the piers of the Broad-street Bridge, Columbus, Ohio, 
in order to determine the aeons wer and settlement 
under load of the sandy material below the pier. This 
test was conducted after the pier had been completed 
up to the springing line of the main arches, so that the 
sand was in a normal loaded condition and confined 
to preclude any upward movement adjacent to the 
bearing block. Large stone taken from an old abutment 
was used for the load, and applied on a plaftorm at 
the top of a long mast extending through the pier. 
This platform was loaded rapidly up to about 11,500 lb. 
per square foot and finally to 18,350 lb., without any 
special consideration as to time of application; the 
object was to determine the action under long periods 
of load. 

The test shaft was placed near the centre line of the 
bridge in a sump a through the pier which had 
been used to keep the cotferdam unwatered as the con- 
crete construction proceeded. The bottom of the sump 
was dug out about 3 ft. lower than the footing of the 
pier, and it was this lower elevation at which the test 
shaft was begun. The first section of the shaft-box 
was 10 ft. long. In the lower end was inserted a built-up 
block of wood 24 in. by 24 in. by 24 in., which was 
nailed to the shaft-box to prevent upward movement, 
but which could be displaced downward when a few 
hundred pounds of weight was placed upon it. The 
sump was filled with excavated sand up to the level of 
the bottom of the pier footing, and the concrete placed 
in this slump opening was carried up around the shaft- 
box. This box was 2 ft. by 2 ft. in cross-section and 
was carried vertically up to the elevation of the springing 





























line. 
Results of Soil Test at Arch Bridge Pier. 
- : : 
al &, | = ee he 
. os al se: os ~ | —® 
8 | £6) 8™ | 28 /] & ge | g™ | 28 
Be 1's] 8 |e] & | Ws | BF | Me 
= R a | a 
a.m. {hr.min ft p.m. jhr. min. ft. 
8-27-19, — —_ = 2.30 0 5 | 11,520 | 0-05 
10.00 = 1,275 | 0-00 3. 0 30 11,520 0-06 
3-28-19 3-29-19 
p.m. a.m 
1.37 — 1,936 | 0-00 10.00 19 0 11,520 0-06 
1.40 0 3) 2,780 | 0-00 10.20 0 20 12,275 0-06 
1.44 | 0 41] 3,742 | 0-00 || 10.25 | O 5] 13,125 0-08 
1.50 | 0 6] 4,456 | 0-00 || 10.30 | O 5] 13,980 0-10 
1.53 | 0 3 | 5,210 | 0-00 || 10.40 | 0 10 | 14,705 0-11 
1.56 | 0 3 | 6,215 | 0-01 || 10.45 0 5 | 15,699 0-12 
2.00 | 0 4] 7,165 | 0-02 || 10.50 | 0 5 | 16,599 | 0-13 
2.05 | 0 5 | 8,036 | 0-03 || 10.55 | 0 5] 17,250 0-14 
2.10 0 5 | 8,897 | 0-05 11.00 0 5 18,350 0-15 
2.15 | 0 5 | 9,832 | 0-05 || 3-31-19 
2,20 | 0 5 | 10,488 | 0-05 8.00 | 45 0 | 18,350 0-15 





Shortly after the pier was completed a 10-ft. flood 
occurred in the Scioto River, which delayed the beginning 
of the test for two weeks. Just prior to the placin 
of the test mast in the shaft, about 2 ft. of silt and aaa 
which had been deposited therein during the flood was 
blown out of the shaft with a steam jet. The elevation 
of the water during the test riod within the shaft 
and about the pier was 702, as illustrated in the drawing. 

A 12-in. by 12-in. fir derrick boom was used as the 
loading mast, with guards to keep it vertical during the 
test and prevent deflection. The test platform, as 
illustrated in the photograph and drawing, was built up 
of 12-in. by 12-in. timbers. Some of the bolt washers, 
because of excessive weight on one side to balance the 
platform, were indented into the timber not more than 
;% in. during full loading, and the lower 12-in. by 12-in. 
brace on one side had a deflection of severa) inches. 
The large stone used for loading the mast varied in size, 
shape and weight, so that it was difficult to keep the load 

roperly balanced at all times. Guy cables were there- 
ore used to hold the mast in position during unequal 
loading, but for the test periods of 19 hours and 45 hours 
the platform was evenly balanced. A rope was pro- 
vided and extended over the top of the platform for use 
by the workmen as a life line in the event of the failure 
of the platform. 

The la stones used in the test were taken from 
the west abutment of the old bridge and were placed on 
the platform by a derrick; each stone was numbered 
and measured and its weight was computed. This stone 
was red and yellow sandstone and its weight per cubic 
foot was obtained by taking various samples, about 
20 Ib. each, and finding their displacement in water. 
The weight per cubic foot used in calculating the platform 
loading was 130 lb. 

The platform was constructed and attached to the 
mast before the latter was placed in the shaft. The 
entire weight of mast and platform was dropped clear 
of the last foot in order that the block at the bottom 
of the shaft would be loosened from the shaft-box. 
A gauge divided into hundredths of a foot was placed on 
the mast near the top, the indicator was adjusted, and 
the loading was begun the next day. 

All the piers of the bridge rest upon coarse grey 
sand which extends below the footings about 40 ft. 
and overlies about 20 ft. of blue hardpan on limestone 


bedrock. The total maximum toe eae which wil! 
exist at any pier is computed to about 8,000 Ib. 
per square foot, and the foundation soil test was made 
primarily to determine whether any undue settlement 
would take place. The time interval in loading there- 
fore received no special consideration, as it was desired 
to see what action took place under a load over a long 
period of time. The platform was therefore loaded 
rapidly until a load of 11,520 lb. per square foot was 
obtained. As indicated in the table of results, it is 
seen that there was a total settlement of 0-06 ft. shortly 
after the first full load was applied, and that this 
remained constant for a period of over 19 hours. Addi- 
tional weight was then applied until a pressure of 
18,350 lb. per square foot was obtained, with a total 
settlement of 0-15 ft., which remained constant for a 
period of 45 hours. ; 

It is evident that as the pier was being constructed 
up to the springing line, a small settlement had taken 
mon and that as the arches and the fill over the arches 
are placed there will be additional small settlements. 
From the test results it would appear that in this case 
after settlement had occurred for a specific load there 
would be no additional settlement in the future under 
the same load. With a pressure of 8,000 lb. per square 





foot a total settlement of 0-04 ft. can be assumed ; and 
as probably half of this will occur before the arches and 
superimposed loads are placed, it will only be necessary 
to provide for 0-02 ft. settlement when considering the 
placing of the arches. This is considered negligible. 
During the construction of the next pier it is intended 


| to embed a vertical steel rod in the footing, and then 


make note of the settlement which takes place during 
the remainder of the construction of the bridge. 

As the load was removed from the platform the gauge 
was observed; after all the stone had been removed 
there was no change in the reading. The lower end of the 
mast was examined, and one end was found to be slightly 
crushed, although the general appearance indicated that 
the load had been evenly distributed. Improvements 
in the test apparatus would result if a steel plate on 
top of the bearing block and another at the bottom 
of the mast were used, and also by framing around 
the mast at the gauge in order to prevent sidewise 
motion. 

The cost of the test was as follows :— 


Dols. 
Test shaft, labour and material ... io: See 
Platform, labour and material ... ie 172 
Placing and loading platform ... we» =: 135 
Dismantling platform _... ove oes 65 
Extra, concreting test shaft ees ove 37 
State liability insurance ... eee ene 32 


wee... _ ‘ 617 


The Broad-street Bridge is a reinforced concrete 
structure consisting of seven arch s , and is being 
built by the Carmichael-Cryder Company, of St. Louis, 
at a cost of 650,000 dols. The work is being done for 
Franklin County, Ohio, under the supervision of John 
Dun, county engineer. 





CarBon ELECTRODES FROM NaturaL Gas.—In view 
of the finds of oil and natural gas in the United Kingdom, 
it may be of interest to point out that the natural gas, 
especially when not sufficiently plentiful for lighting 
and power purposes, may be cracked to produce electrode 
carbons. The gas is passed through pipes which are 
suitably heated so as to produce a mixture of soot and 
tar. The mixture is briquetted and then baked. The 
electrodes so obtained are free from ashes, and the pro- 
portion of tar in them can be varied by adjusting the 
temperature to which they are heated. According to 
the Journal fiir Gasbeleuchtung of March 17 last, Dr. E. 
Szavasy, of Budapest, was making carbon electrodes 


for the metallurgical works of Transsylvania in this way 
from the natural gas, which is found in some parts of 
Hungary ; but the news was probably older than the 





renewed political troubles of those countries. 


CATALOGUES. 


Electric Furnaces.—Resistance furnaces, with quicker 
renewable heater units, are shown in a catalogue from 
Messrs. A. Gallenkamp and Co., Limited, 19, Sun-street, 
Finsbury-square, E.C. 2. Full particulars and prices 
are given for furnaces, and also ie renewable parts and 
accessories. 


Telephones.—The telephone system made by Dicto- 

aph Telephones, Limited, Denman-street, London 

ridge, S.E. 1., enables a person to speak to one or 
several others simultaneously in distant parts of the same 
establishment. The transmitter rests on the table and 
may be spoken to and heard from without mouth- 
piece or ear piece. The system is fully described in a 
special catalogue. 


Planing Machine Drive-—A pamphlet written by 
Mr. W. L. Miller, and published by the British Westing- 
house Company, Limited, Trafford-park, Manchester, 
deals with the a of the company’s electric 
motor drive to planing-machines. As compared with 
the belt drive, an increased range of cutting speeds, 
a quicker return stroke and a saving in overtravel are 
effected. 


War Work Record.—The 93rd booklet of the Baldwin 
Locomotive Works, Philadelphia, U.S.A., contains a 
record of war work. Locomotives figure largely in this 
record, from the most powerful steam types down to 
steam and petrol typés of 23% in. gauge—over 5,500 
engines in all. In addition six and a half million shells 
were made, a number of heavy gun mountings, including 
wr caterpillar and foundation types, and a great 
deal of other munitions. A dozen railway mounts were 
made for 14-in. navy guns on 12 pairs of wheels and giving 
a firing elevation of 45 deg. One of the most interesting 
though unpretentious records of war work. 


Wood Planing Machine.—A very powerful machine 
for planing wood is shown in e supplementary catalogue- 
pose from Messrs. Thomas Robinson and Son, Limited, 

ochdale. It is capable of planing at one passage four 
sides of hard wood up to 16 in. broad by 8 in. thick. 
The — is automatically carried through the machine, 
which holds it straight against any twist there may be 
in the wood, at any of four rates of feed from 12 ft. per 
minute to 45 ft. per minute. The hard dry oak scant- 
lings used in railway rolling-stock construction are one 
of the largest items of work for this kind of machine 
The lubricating oil is lead to each of the main bearings 
by pipes from oil boxes fixed to the side frames. The 
i drive consumes about 50 h.p. or 60 h.p. under 
ull load. 


Train Rails.—A catalogue from Messrs. Hadfields, 
Sheffield, will convince the careful reader that at least 
one thing is made as well as it can possibly be made, 
viz., tramway junctions, crossings and general track. 
The catalogue does not make this claim in set terms— 
the proof is rather in the entire disregard of the usual 
commercial persuasion or of any other cosideration but 
quality. As six years is a long life for a tramway june- 
tion, and as the work of replacing a set is probably 
greater than the cost of the rails, the importance of 
quality is easily understood. These junctions and rails 
are made of manganese steel. It might be thought that 
there was not much room for mechanical ingenuity in 
the movement of a tramway point, but those who care- 
fully examine Hadfield’s Hecklapoint will think differ- 
ently if they have observed the effects of wear on more 
obvious kinds of designs. Tramway engineers will be 
interested in this catalogue. 





THE “DEGRADATION” oF Gasres.—The term “de- 
gradation” of gases has been proposed by W. Nernst 
to indicate the condition to which gases must be reduced 
at extremely low temperature. It follows both from 
the quantum theory and from Nernst’s heat theorem 
that at very low temperature the general law pv = R.T. 
can no longer hold, even for the perfect gas, since the 
gas pressure measured at constant volume is then inde- 
per ent of the temperature. Such a degenerated gas 

haves more like a solid; whilst in a solid, however, 
the particles remain at definite distances apart, even at 
zero pressure, compression apparently giving rise to 
forces of repulsion and dilatation to forces of attraction. 
Repulsion forces alone seem to exist in a gas which 
always retains its characteristic property of filling the 
space offered to it at uniform density. The two atoms 
of a hydrogen model are kept at definite distance by 
forces which can be calculated from the Bohr-Debye 
model; but such considerations, Nernst suggests, do 
not enable us to calculate the opposing forces, which 
are set 4 when the distances are changed by external 
forces. © proposes, in a communication to Akademie 
der Wissenschaften, Berlin, February, 1919, a new 
equation of slate, and shows that the degradation 
becomes explicable when forces of repulsion—relatively 
weak, not strong—of the character of a valency are 
assumed to act between homogeneous molecules. These 
forces would be inversely proportional to the mass of 
the molecules and to the third 5 power of their distance 
apart. Since, further, these forces must be the same as 
those manifested during the impact of molecules, the 
free path of the molecules and allied phenomena can be 
calculated by a new set of formulae. Nernst performs 
these calculations for hydrogen and also for helium, 
and he shows that the internal friction of hydrogen, at 
low temperatures, can be determined with fair accuracy 
solely from the mass of the hydrogen atom, its molecular 
velocity and the Planck constant. These considerations 
are only to hold for very low temperatures, but they 
imply an indirect proof of the reality of a gas degrada 





tion. 
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SELEOTED ABSTRACTS OF RECENT PUBLISHED 
SPEOIFIOATIONS UNDER THE AOT OF 1907. 


Phe number of views given in the Specification Drawings is stated 
tpn yb where none is mentioned the Specification is not 
here inventions are 


LZ communicated from abroad, the Names, #c., 

of the Communicators are given in italics. 

ions may be obtained at the Patent Office, Sales 
Buildings, Chancery-lane, W.C., at 


AERONAUTICS. 


The Sopwith Aviation Company, Limited, 
Kingston-on-Thames, and H. G. Hawker, gston-on- 
Thames. Cowls. (3 Figs.) May 29, 1917.—This invention 
consists of an improved means of ati ing and ——s 
the dismountable cowl employed to cover in the engine o 
aeroplanes. The plate a on the front of the fuselage on which 
the engine is mounted is provided with a peripheral tubular 
r b. In the outer circumference of this ring 6—hereinafter 
called the cowl ring—is formed a circumferential channel 51. 
On the back edge of the cowl ¢ is an inward projecting circum- 
ferential flange cl. The shape of the flange cl in cross-section 
and its circumferential length are such as will enable it to engage 





with the circumferential channel bl. To enable the cowl to be 
pas in position on the cowl ring, the back edge of the cowl. 
s slit at one or more places and it is held in position by a flexible 
cable d, which lies in the channel c2 in the cowl. The flexible 
cable is connected at each end to a straining device, said devices 
being connected at their other ends to a bracket carried by the 
cowl or by the cowl ring, so that the binding device is r- 
manently anchored to one or other of said parts. The length of 
the flexible cable is such that a few turns of one or other or both 
of the straining devices will either slacken the cable so as to free 
the cowl or tighten same so as to bind it securely to the cowl ring 
(Accepted June 25, 1919.) 


4127 867. Peter Brotherhood, Limited, Peterborough, 
Cc. W. Bryant, Peterborough, and G. F. Jones, Peter- 
borough. Aero Engines. (1 Fig.) June 8, 1917.—The inven- 
tion relates to aero engines and provides improved cooling of the 
exhaust valve. The invention consists in an exhaust valve 
guide comprising an outer shell welded to an inner shell and 
screwed into a fitting supported from the exhaust valve seat, 
passages being provided by which water is guided between the 
imner and outer shells. Each of the exhaust valve stems a is 
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provided with an exhaust valve guide comprising an outer shell b, 
to which is welded at itsinner end an inner shell ¢, guiding strips 
being provided lying longitudinally along the space between the 
shells to guide the water from the outer end to the inner end 
and back to the outer end, as shown by the arrows. The guide 
is screwed into a fitting d rey from the exhaust valve seat, 
and apertures are provided in the yang for pipes e by which 
water is led into and out of the guide. ‘ater is supplied under 
pressure, and two or more guides may be connected up in series 
and the water may be finally discharged into the main water 
space surrounding the cylinders. (Accepted June 25, 1919.) 


129,029. The Siddeley-Deasy Motor Car Company, 
Limited, Coventry, and F. M. Green, Coventry. 

- (4 Figs.) September 28, 1917.—This invention relates 
to landing chassis of aeroplanes of the t in which the shock 
absorbing members are controlled partly by hydraulic means and 
partly by springs, and it consists of an improved construction of 
shock-absorbing strut for connecting the axle carrying the 
landing wheels with the fuselag wo tubular el ts a, b 


























are arranged to telescope with respect to one another and within 


them is ed the hydraulic control z, which is of the usual 
type. The ‘tabular member a is connected to the fuselage of the 
an teu hil 





member b is attached to the axle carryin; 

the landing wheels. On the free end of the element a is a fixed 
plate c, the faces of which lie at right es to the axis of the 
element, and on the other element 5 is a s iding plate d which is 
connected to the plate ¢ by means of a cover or “ fairing” m 
which is shaped to give this part of the strut an elliptical shape 








On the sliding plate d are mounted two brackets ¢, ¢, between 


which and two similar brackets f, f, mounted on the er end 
of the element b are arranged the controlling springs g, each of 
which consists of a length of rubber cord which is wound around 
ins h, hl, carried by the two groups of brackets ¢,f. Extending 

ween the plate c and the group of brackets f, f, are one or more 
inextensible flexible couplings & for the purpose of limiting the 
relative movement of the two tubular elements a,b. The plate d 
also carries a second cover or “ fairing” m which also has an 
elliptical shape and oa with a similarly-shaped housing of 
mounted on the free end of the member b so as with said cover or 
“ fairing ” m to preserve the elliptical shape of the strut through 
its entire length. (Accepted July 16, 1919.) 


ELECTRICAL APPARATUS. 


129,027. Spear and Jackson, Limited, Sheffield, and 
- Marriott, Norton, Sheffield. Electric Furnaces. 
(2 Figs.) September 27, 1917.—The invention relates to elec- 
trode holders for electric furnaces of the type in which a two-part 
metal belt with tail pieces and attached curved contact pieces is 
adapted to close u the electrode to be held. According to 
this invention, the improved electrode holder with an open-ended 
contact belt a is formed to encircle an electrode, and has an arm 
or tail piece al secured between busbars b1 connected with the 
source of electric ag This contact belt a has upper and lower 
outwardly-extendin, es a2, a3, between which is placed on 
either side a hinged steel clamping belt. This clamping belt is 
formed in two parts, each of which consists of a straight portion cl 
(secured to the bus-bars b1 and the arm a! of the contact belt a) 


Fig.1. 























and a hinged curved portion c, the two curved portions encirel 
the contact belt a and having their outer free ends connec 
by a bolt and nut. The lower edges of the straight portion cl 
of the Ts belt c rests upon a steel plate d which has at its 
forward end two holes, through which the bolts e which form the 
hinge pins of the belt pass. A similar plate dl is in like manner 
secured on the upper edge of the clamping belt. The rear ends 
of these plates d and di also have holes to receive bolts which 
pass through the bracket f supported from one end of the furnace 
masts, and through both of the said platesd and dl. The holes fi 
in the bracket f may be elongated to allow of adjustment of the 
electrode horizontally as may be required. Alternatively the 
holes in the upper and lower steel plates d and dl may be elongated 
to obtain the same result. (Accepted July 16, 1919.) 


128,359. J.B. Tucker, Birmingham. Electric Switches. 
(3 Figs.) June 12, 1918.—This invention refers to the type of 
switch involving a number of circuit closers adapted to be 
operated individually and selectively, and also collectively. The 
nvention comprises a switch of this type in which the individual 
switch operating members are so combined with the spindle 
appertaining to a master lever that said individual switch- 
operating members are individually detachable from the said 
spindle transversely to the axis of the latter. As a result of this 
combination it is possible to detach the plate carrying any 
ndividual switch-operating member from the box without 
removing, deranging or interfering with the spindle, switch- 
actuating part appertaining thereto, or with any of the other 
plates or switches carried thereby. A box a is closed by a series 
of separate plates b, each of which carries a switch. The switch 
carried by each plate comprises an operating lever ¢ pivotally 
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128 . A. H. Midgley, Acton Vale, and C. A. Vandervell 
and Co., Limited, Acton Vale. Magnetos. (1 Fig.) July 28, 


1917.—This invention relates to an improved starting magneto 
for internal combustion engines of the kind comprising a dis- 
tr ee oe in which the a is a by as handle 
or its ent through an intermedia agus. According 
to the eresent invention, the intermediate driving gear driven b: 
the starti: die is arranged at the same end as the con 

breaker and the high-tension terminal is brought out at the 





cones end of the armature. ais the armature of the magneto, 
which is — with a primary and secondary winding; d is 
the circuit breaker, which is arranged at the end A of the machine 3 
e is a distributor arranged at the end B of the machine and 
rate ae with as ent f which is connected to the high-tension 
erminal and is adapted alternately to make contact with two 
brushes A and ¢ connected to the distributors of the engine ; 
jand k are the two members of a driving gear which is — 
at the end A of the machine between the armature a and the 
circuit breaker d. (Accepted July 2, 1919.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


127,856. The Villiers Engineering Company, Limited, 
Biakenhall, Wolverhampton . . e 
Internal- Combustion En; (3 Figs.) June 2, 1917.— 
This invention relates to air-cooled cylinders for internal com- 
bustion engines. It has been proposed to cover a cylinder body 
of iron or steel with a py of high heat conductivity, such as 
aluminium, having cooling fins, and according to this invention 
the jacket is provided with gas passages or valve guides or with 





both. A cylinder body A is formed as a casting and is closed 
at the upper end. A passage for the insertion of the valves is 
indica‘ at C, and a valve seating is formed in the cylinder 
body. A radiating jacket E is cast on and provided with a valve 
guide F. In the construction shown in Fig. 2, the body A is of 
plain circular form, so that itcan be readily machined Inside and 
out. In this case the radiating jacket is provided with a 





mounted to the rear of the plate b, said operating b 

involving a lever which projects through the plate. Inwardly 
of the plate the operating member also carries an arm e which 
carries a contact maker adapted to be brought into and out of 
contact with a stationary contact f. The operating member 
involves a drum fA, and the said dium and its trunnions are 





concentrically bored to accommodate a master spindle j located 
co-axially with the pee ber. A seg t of the drum 
h is cut away and the spindle jis furnished with a projection k, 
which extends within the segment-shaped opening in drum. 
The spindle j is furnished with a series of the said projections, 
one for each individual operating member, the said projections 
being located in a common plane. When the master spindle is in 
an intermediate position indicated by line J, any individual 
switch-operating member c, h, can be displaced either into the 
closed or open position without any movement being imparted 
to the master spindle j, this action being permitted by the 
segment-shaped opening in the drum portion h of the individual 
operating member. Rotation of the master —— j has the 

ect in one direction of displacing all of the individual operating 
members into the closed ition, and in the other direction into 
the open position. If certain of the individual operating members 
are in the closed condition, and others are in the open condition, 
rotation of the master spindle in one or other direction has the 
effect of displacing into the closed or open position all of those 
individual operating members which are re in the open 
or closed condition. Line p indicates the third position of the 








spindle j. Line oo the other position of the lever c. 
(Accepted July 2, 1919.) 


P ge G and valve guides, one of which is shown at F. 
Accepted June 25, 1919.) 


128,269. H. Blackburn, Doncaster. Carburettors. 
(1 Fig.) July 6, 1917.—This invention relates to carburettors 
of the kind in which the suction of the e causes a vane wheel 
to revolve in the intake; which vane wheel is geared to a per- 
forated disc dipping in a bath of liquid fuel located outside the 
ing picked up by the perforations in the disc 
and sucked therefrom through a pipe communicating with the 
. ing to this invention, the vane wheel is mounted 
with its axis horizontal, a shield is provided to prevent air | 
past the periphery of the vanes, and an overflow jacket is provid 

catch excess fuel from the perforated wheel and from its 
fuel tank. A is a casing containing a vane wheel B connected at 
C to the engine intake. The air is drawn in at D and causes the 
vane wheel B to revolve. The vane wheel spindle G is carried 


a 














horizontally in ball bearings and is free to move endwise ea my | 
80 that the end of the vane wheel can engage brake shoes 

whenever the s of the vane wheel exceeds that which is 
appropriate to the suction at the moment. The flanged shield L 
prevents air passing by the periphery of the vanes without 
exerting action on the vane wheel. The spindle G passes 
through the end wall N of the casing A to gearing O connected 
with a wheel P ey perforations Q. The wheel P rotates in 
a fuel tank R, and the liquid fuel caught up by the perforations Q 
is sucked into the intake through a pipe Q1 as each perforation 
registers with said pipe. The fuel k KR is fed from a float 
chamber T, and an overflow jacket U surrounds the tank and 
pesemies wheel to catch ry fuel, which can be carried away 








iar a pipe cted a VY. (Accepted July 2, 

128,249. Th Small Arms Com ° 
Lansied. Small ee a and R. Nicholls’ 
Redditch Internal- Combustion Engines. Figs.) 


° (6 $ 
July 3, 1917.—This invention relates to valve gear for internal- 
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combustion engines, and refers more particularly to adjustable 
ta According to the form of this invention shown, the 
e@ sleeve 1, which slidably carries the tappet rod 2, is pro- 
vided near its lower end with a screw-threaded portion 3, whereby 
it can be mounted in position in the wall of the crank-case, and 
near its middle is provided a flange part 4 on which are formed 
hexagonal flats or other means to facilitate its insertion in the 
wall of the crank-case. The upper part 6 of the guide sleeve 1 1s 
rovided with slots or grooves 7, and on the tappet rod 2 are 
‘ormed lugs or projections 8 which slidably engage with the slots 
or grooves 7 and prevent a turning movement of the tappet rod 
in the sleeve. The upper end of the tappet rod 2 is arranged 





to protrude above the upper outer end of the guide sleeve 1, and 
the protruding part is screw.threaded to receive the adjusting 
members hereafter described. On the upper end of the tappet 
rod 2 is mounted a cap 10 which is screw-threaded to engage 
with the screwed end thereof, its upper face being shaped and 
adapted to engage with the lower end of the vaive stem, and its 
periphery is hexagonal or otherwise shaped to be engaged by a 
spanner. Below the cap 10 is mounted a combined lock nut and 
sleeve 13, the sleeve part being adapted to slidably embrace 
the upper part 6, and serves to exclude the admission of dust 
or dirt into the guide sleeves, and also serves to form an 
additional support for the tappet rod 2, while its upper part is 
internally screw-threaded to engage with the screw-threaded 

rt of the tappet rod 2, and externally is provided with 
ceenaenel flats whereby it may be rotated by a spanner or 


other tool. (Accepted July 2, 1919.) 
127,980. R. P. Doxford, Sunderland,and K. O. Keller, 
Sunderland. Fuel-Injection Valves. (1 Fig.) June 11, 


1918.—This invention relates to fuel-injection valves for oil 
engines. In the improved fuel-injection valve according to the 
present invention 1 is the upper part or pilot ram of the valve 
and 3 is the needle valve proper. The middle part is the pusher 


vertical retort body, which may be made circular or oval, and 
showing its vertical corrugations. Fig. 2 is a horizontal section | 
on the line AB. (Accepted June 25, 1919.) 


GUNS AND EXPLOSIVES. 


Sir G. T. ,» Westminster, London. Ordnance | 
Breech Mechanism. (7 Figs.) June 28, 1917.—This invention 
relates to ordnance breech mechanism of the breech screw carrier | 
type, in which the carrier is provided with an actuating crankshaft | 
for unlocking the breech screw. According to the invention, | 
means are provided whereby the actuating crankshaft can b: 
removed from the carrier without necessitating the dismantling 
of any of the other parts of the breech mechanism. The said | 
means may comprise a bearing C (herein termed the retaining | 
bearing) between which and the actuating crankshaft B, and | 
in contact with both these parts, a sleeve D (herein termed the 











hand-lever sleeve) connected to the shaft is disposed ; the said | 
retaining bearing is detachably held in position in a hole in the 
carrier, which hole is of such size as to enable the crank of the 
actuating crankshaft to pass through it. The retaining bearing 
and the hand-lever sleeve bear at their inner ends against a collar 
or shoulder } on the actuating crankshaft, and the retaining 





rod 2, operated by the rocker lever R L pivoted to the stationary 
pivot P. The parts 1, 3, the former being slightly larger in 
diameter than the latter, are separate from, but abut against, 
the part 2, the three parts being so formed that their abutting 
surfaces are parallel to one another and normal to the vertical 
axis of the parts 1, 2, 3. In the cylindrical guide G! the part 1 
is a fluidtight sliding fit, and its top end serves as a piston therein. 











On its top end bears a light spring L 8, kept in place by a screw 
and gastight plug. In the cylindrical guide G5, which ts aligned 
with the guide Gl, the needle valve proper 3 is a fluid-tight 
sliding fit; it serves as a piston therein, and from its lower end 
its tapered tip extends into the fuel-opening O leading into the 
engine cylinder. A pipe BC, which is a pressure-equalising 
conduit, maintains constant communication between the top 
end of the upper cylinder G1 and the bottom interior of the lower 
cylinder G2. It communicates with the latter by making a 
junction at J with the fuel inlet conduit F, F1, leading from the 
source of oil under pressure. The lower end of the upper 
cylinder Gl and the upper end of the lower cylinder G2 serves 
respectively as guides for the upper and lower ends of the pusher 
rod 2, which extend into them as shown. (Accepted June 25, 
1919.) 


127,986. J.A. Yeadon, Leeds. 
June 12, 


Vertical Retort. (3 Fics.) 
1918.—The invention consists of a vertical retort. 


According to the invention, the body of the vertical retort is ofa | 


“ corrugated "’ or fluted section, the corrugations being vertical 
and extending from the top to the bottom of the retort body 











where exposed to the fire. 


The sectional thic 
gations is uniform th hout. T b 





t 
bt a 


which it is intended to be worked. 


kness of the corru- 
, pitch and form 
of the cormgations in each retort can be modified as required 
to suit the proportions of the retort and the conditions under 
Fig. 1 is an elevation of the 


bearing bears at or near its outer end against a shoulder d in the 
hand-lever sleeve, the said bearing and sleeve being held in their 
|} assembled condition with respect to the crankshaft by suitable 
| means which may comprise a nut b1 on the crankshaft arranged 
| in contact with the outer end of the sleeve. (Accepted July 2, | 
| 1919. 





| STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

128,373. R. and W. Hawthorn, Leslie and Co., Limited, 
Newcastle-on-Tyne, R. B. Armstrong, Newcastle-on-Tyne, 
G. Paterson, Newcastle-on-Tyne, and Cockburns, Limited, 
Cardonald, near Glasgow. Steam Superheaters. (3 Figs.) | 
| June 17, 1918.—This invention relates to valve devices of the 
| type including two operatively-connected valve elements proper 
| engageable with separate seats and controlling separate passages, 
through one of which passages flows superheated steam and 
through the other of which flows saturated steam, whereby 
| to control the proportions of superheated and of saturated steam 
| to be admitted to steam engines, without interference with the 
| continuity of circulation through the superheater elements 
| when mancwuvring with the main engines for example. The 
| invention consists in improved devices of this type, comprising 
is balanced valve system in which there is a double beat valve 
having provision to ensure maintenance of balance of the valve 
| while taking account of inequalities of the amounts of super- 
heated steam and saturated steam to be passed, as hereinafter 

















more fully described. The construction illustrated comprises 
a double-beat valve operating in a casing 1, having separate 
inlets 2 and 3 communicating respectively with a source of super- 
heated steam supply and with a source of saturated steam supply, 
one beat 4 controlling the passage of superheated steam and the 
other beat 5 controlling the sage of saturated steam. To 
permit maintenance of the balance of such double-beat valve, 
the valve elements 4, 5, are of equal area; in order, however, 
to take account of the circumstance that the quantity of — 
heated steam to be passed may be different from the quantity 
of saturated steam to be passed, one of the beats, say, the beat 4, 
or one of the seat portions, say, the seat portion of the valve 
opening for superheated steam, may be provided with an apron 6, 
serving more or less to constrict the relative passage, it being 
understood that the steam passed through each valve ss 
rtional to the clear area, so that less steam will pass 


is pro 
through a constricted opening than through an unconstricted 
opening. (Accepted July 2, 1919.) 


. J. A. Reavell, Becken- 
ineering Company, 
Evaporators. (1 Fiz.) 








128,243. Sir A. T. Dawson, Westminster, London, and | '@ the ree 


| of 


| which arms carrying ploughs are attached. 


| 


apparatus for use in removing salts from saline solutions of the 
type in which one or more evaporators and a separator are so 
connected that the saline solution circulates through both, the 
salt being deposited in the latter, and the water evaporated 
off in the former. According to this invention, there is provided 
le or tank into which the deposited salt and a 
portion of the mother liquor from the separator passes; means 
whereby such liquor is automatically kept in a constant state 
aa and the salt in suspension, while such salt is being 
continuously and automatically removed from the tank or 
receptacle. A is the evaporator to which the liquor to be con- 
centrated is supplied, B the separator through which the liquor 


| circulates and in the lower chamber of which the salt is deposited, 


the vapours given off being conducted away through pipe 61. 
D represents the tank into which the deposited salt from the 
separator is withdrawn and dl, d2, the conduit down which the 









































deposited salt and the mother liquor which passes out with it falls. 
Now, according to this invention, in order to automatically and 
continuously remove the deposited salt from the tank D, this 
tank is fitted centrally with a vertical shaft D4 to the lower end of 
The shaft is revolved 
by gearing, causing the p:oughs to travel round near the bottom 
of the tank and consequently keep the liquor in said tank in a 
constant state of agitation, thereby moving the deposited salt 
with the mother liquor through an opening in the bottom of the 
tank into the chamber d6 on the underside thereof. from whence 
the deposited salt is lifted by the endless chain elevator F and 
discharged down a shoot into a suitable receptacle. ‘he mother 
liquor in the tank D in combination with the vacuum in the 
separator always maintains the level of such liquor in said tank 
corresponding to the vacuum in said separator. (Accepted 
June 25, 1919.) 


TEXTILE MACHINERY. 


129,249. W. Fielden, Blackburn. Shedding- Motion. 
(3 Figs.) June 6, 1919.—This invention relates to a shedding 
motion forlooms. It consists in constructing an open shed dobby 
shedding motion with a number of oscillating or semi-rotary 
tappets or lifters fitted with transverse sliding bars or bolts 
held in position by pawls and operated successively by vertically- 
reciprocating knives carried in a reciprocating frame raised 
and lowered at each stroke of the loom. The apparatus is con- 
structed with a number of oscillating or semi-rotary tappets A, 
one for each heald and pair of jack levers B, B. The tappets A 
are carried loosely on a central shaft C, upon which they are free 
to rock first in one direction and then in the other. The ends b 
of the jack levers B, B, bear against the external fact of the 
tappets A, which are of such a shape or contour as when rocked 
in one direction will lift the pair of jacks B, B, and when rocked 
in the reverse direction (into the position shown) will lower the 
pair of jacks B, B. The jack levers B, B, are of bell crank 
shape and each pair is set one at either side of the tappet A, 





fulcrummed above the centre, and with the short member bearing 
against the periphery of the tappet, preferably diametrically 
opposite one another, thereby balancing the weight of the healds 
and tension of the yarn and springs on the tappet, and reducing 
the strain or weight on the working parts. Each tappet A has a 
transverse radially sliding bar D capable of sliding from one side 
to the other by gravity as the tappet is rocked. The bar D is 
made with two projections d which extend outwards into the 
= of vertically reciprocating knife bars E when tilted. and is 

id in central or neutral position by pawls dl, d2, which are 
released by the pegs fon the lag barrel F. Each tappet A is also 
provided with a tooth-shaped projection a1 on its upper side, by 
which it is locked in position after each lift. The reciprocating 
knife bars E are carried in a vertically-reciprocating frame E! 
raised and lowered from a crank on a revolving shaft of the loom. 
The knife bars E extend from one side to the other of the shedding 





June 18, 1918.—This invention has reference to evaporating | 


motion and pass through apertures a2 in each of the oscillating 
tappets A. (Accepted July 16, 1919.) 
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